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ABSTRACT 
 
COMPARING A SURFACE COLLECTION TO AN EXCAVATED COLLECTION IN 
THE LOWER SKAGIT RIVER DELTA AT 45SK51 
by 
Sherri Michelle Middleton 
June 2017 
In the Puget Sound Lowland of the Pacific Northwest, archaeologists have 
investigated a shift in settlement and subsistence patterns occurring in the mid-Holocene 
Epoch. The artifacts used as the evidence of this shift are interpreted with a concept 
known as resource intensification. This shift in artifact frequencies has been studied only 
in the last thirty years and in limited areas of the Puget Sound Lowlands. An opportunity 
to investigate a site dating to after the shift presented itself when Central Washington 
University acquired the Lower Skagit River Delta Surface Collection (LSRDSC). This 
artifact assemblage was collected from a plow-zone surface in the Lower Skagit River 
Delta with permission of the landowner. This plowed field is the same location as site 
45SK51, a sample of which was excavated in the 1960s. The purpose of this study is two-
fold: to determine if LSRDSC can be combined with the 1960s excavated sample and 
used to detect the presence of resource intensification and then compare those results to 
two other site analyses from the Lower Puget Sound. Differences in the selective 
conditions are proposed to account for differences in artifact types between 45SK51 and 
the other two sites. These differences may be tied to uneven distributions of relative 
frequencies for tool technologies across different microenvironments, which is a 
consistent pattern found in earlier research in the area. 
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CHAPTER Ⅰ 
 
INTRODUCTION 
 
Central Washington University agreed to analyze a surface collection of artifacts 
from a plow zone context in the Lower Skagit River Delta of the Puget Sound Lowland 
region (Figure 1). The Lower Skagit River Delta Surface Collection (LSRDSC) is from 
45SK51 and has 382 stone, bone, and shell artifacts that exhibit a wide variety of 
technological forms representing various states of manufacture and use. 
Figure 1: Location of LSRDSC in the Lower Skagit River Delta (DAHP 2016). 
In the 1980s, the collection owner received permission from the landowner to 
collect artifacts from the surface of a plowed field. The area walked over was the same 
area where nearly 20 years before John L. Mattson recovered an excavated sample from 
Map of 
LSRDSC  
     
                                   
N                  
 
    Site boundary 
LSRDSC  
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45SK51. Mattson’s (1971) documented site 45SK51, is a stratified, multi-component site 
that exhibits intact deposits ostensibly dating to within the last 4500 years based on 
culture history artifact type dating. Currently, the Lower Skagit Delta surface consists of 
mainly agricultural fields, and artifacts are commonly found on the surface of the plowed 
fields, many of which have repeatedly been collected and are recorded in the Washington 
State’s database (see WISAARD accessed 2016). For instance, out of 52 sites recorded in 
in the database for the Skagit River Delta, 50% of those sites records note the presence of 
surface artifacts (WISAARD 2017). At this time, the archaeological data potential of 
surface collections in this area is unknown. To assess whether the LSRDSC has data 
potential, an evolutionary archaeology theoretical framework was used to develop a 
model to address regional research questions asked by archaeologists working in the 
Puget Sound Lowland region. 
Problem 
 
In the Puget Sound Lowlands of the Pacific Northwest, archaeologists have 
investigated a shift in settlement and subsistence patterns occurring in the mid-Holocene 
Epoch (K. Ames 1994; Butler and Campbell 2004; Matson and Coupland 1995). The 
shift is identified as a change between two types of settlement and subsistence patterns 
for precontact populations. The research shows earlier people used small camps or 
special use occupational sites (Ames and Maschner 1999). These sites have been 
recorded in the upland, and riverine environments with subsistence activities focused on 
terrestrial hunting. Later, the settlement and subsistence pattern shifted to semi-
permanent, long-term occupational sites located in lowland environments with a primary 
focus on marine resources (Ames and Maschner 1999). Researchers have inferred a range 
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of mechanisms that caused the shift in settlement and subsistence patterns like the 
stabilization of sea levels, population growth, and the development of storage and 
harvesting technologies for exploitation of dense and predictable marine resources such 
as salmon (Butler and Campbell 2004; Moss et al. 1990; Schalk 1981). The range of 
archaeological evidence for this shift consists of semi-permanent lowland sites associated 
with storage features, shell middens, and changes in the tool technologies found in 
artifact assemblages (Ames and Marshall 1980; Butler and Campbell 2003; Matson 1992; 
Moss et al. 1990).  
Researchers note that before the settlement and subsistence shift in the mid-
Holocene (ca. 5000 cal B.P.), tool manufacture and use were dominated by chipped stone 
tool technology (Ames and Maschner 1999; Matson and Coupland 1995; Nelson 1991; 
Prentiss and Chatters 2003). They suggest that as the settlement and subsistence pattern 
shifted, there was a continuation of chipped stone technology along with a gradual 
increase in the use and specialization of ground stone, bone, and antler tools for 
woodworking technology (C. Ames et al. 2010; K. Ames 1994; Butler and Campbell 
2004; Campbell 1981). Other researchers suggest there was a decline in chipped stone 
technology with increased ground stone technology (C. Ames 2009; Dinwiddie 2014; 
Matson and Coupland 1995; Moss et al. 1990; Schalk 1981; Schalk et al. 2010). Both the 
shift in settlement and subsistence patterns and their archaeological evidence are 
interpreted as resource intensification (Ames and Maschner 1999; Butler and Campbell 
2004; Croes and Hackenberger 1988; Larson and Lewarch 1995).  
Resource intensification in the Pacific Northwest is defined as resources that are 
efficiently obtained and stored for later use through increased labor productivity and 
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storage technology (Ames 1994; Butler and Campbell 2004; Schalk 1981). Resource 
intensification has been investigated only in the last thirty years in limited areas of the 
Puget Sound Lowlands. Cultural Resource Management (CRM) reports for Cama Beach, 
Duwamish River, and West Point sites (Campbell 1981; Larson and Lewarch 1995; 
Schalk et al. 2010) attempted to apply the concept. Currently, there is no formal research 
completed regarding resource intensification in the Lower Skagit River Delta, and thus 
this absence defines a data gap for this research.  
Purpose 
 
 The purpose of this research is to determine the data potential of a surface 
collection in a modern research context. This requires establishing a research context for 
the surface collection. That context consists of determining whether the LSRDSC is 
representative of what is known from Mattson’s (1971) excavated collection and, if 
representative, whether it can be used to test a hypothesis from the regional research 
context. I use two research questions to guide my effort. First, how does the surface 
collection compare to the excavated collection 45SK51? Second, can the surface 
collection be used to generate data with which to test a hypothesis for evidence of 
resource intensification? Following this approach will enable me to determine what 
utility for archaeological research a surface assemblage like the one from 45SK51 has if 
any?  The purpose of this research will be achieved through the following four objectives. 
 Objective one: Build a research framework in which precontact stone and bone 
tool frequencies can be used to test the hypothesis regarding resource intensification for 
the Lower Skagit River Delta. To test the hypothesis, expectations from a resource 
intensification model will be developed (Ames 1994; Ames, C 2009; Butler and 
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Campbell 2004; Matson and Coupland 1995; Moss et al. 1990; Schalk 1981; Schalk et al. 
2010; Stein 2000). These expectations will provide direction in defining the 
classifications necessary for gathering the data that will be used to test hypotheses.  
 Objective two: Build a comparable paradigmatic classification and apply it to the 
LSRDSC, Mattson’s (1971) report on the excavated site 45SK51, and the reports for 
Cama Beach 45IS2 (Schalk et al. 2010) and Duwamish River 45KI23 (Campbell 1981).   
The purpose of using a paradigmatic classification in this study is because it links the 
theory, method, and technique to a specified set of phenomena that can be classified and 
measured (Dunnell 1971: 37). Paradigmatic approaches have been used widely in the 
Pacific Northwest (Campbell 1981; Dancey 1973; Dunnell and Campbell 1977; Dunnell 
and Lewarch 1974; Ferry 2015; Kassa and McCutcheon 2016; Lewarch and Larson 1995; 
Lewis 2015; Parfitt and McCutcheon 2017; Thompson 1969, 1978; Vaughn 2010).  This 
classificatory approach is an effective way to compare my results to others discussed in 
the research context. 
Objective three: Evaluate the data representativeness and use a statistical 
comparison to determine whether the surface collection for 45SK51 is similar to the 
excavated collection from Mattson (1971). A bootstrapping technique will evaluate the 
representativeness of the surface and excavated samples (Kassa and McCutcheon 2016; 
Mohr et al. 2002.; Mooney and Duvall 1993; Vaughn 2010). Resampling will ensure that 
the samples being used in this study are representative of the artifact classes used to 
collect the data.  In this way, if sample frequencies are highly variable, representativeness 
is less assured, and statistical conclusions can be cautiously evaluated. To evaluate the 
similarity of filled classes between the surface and excavated assemblages from 45SK51, 
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I will use Brainerd and Robinsons Coefficient of Agreement (Brainerd 1951; Robinson 
1951). This statistical analysis will show how similar/different the surface collection is to 
the excavated collection. In addition to Brainerd and Robinson (B&R), a Monte Carlo 
simulation will be used to determine if the B&R scores are statistically significant and/or 
the degree to which similarities observed are affected by sampling error (Peeples 2011). 
 Objective four: Address whether the LSRDSC has archaeological evidence 
representing the post-shift in subsistence and settlement artifact frequency expectations, 
which can be explained as evidence for resource intensification. The statistical results 
generated from LSRDSC will be compared to the artifact assemblages recorded in CRM 
reports on Cama Beach 45IS2 by Schalk et al. 2010, and Duwamish River 45KI23 by 
Campbell 1981. The researchers for these sites have studied the archaeological evidence 
of resource intensification (Schalk et al. 2010; Campbell 1981).  If the surface collection 
can be used in this regional research context, it has data potential. 
Significance 
This study has the potential to add to our knowledge of precontact human land use 
locally through the analysis of the LSRDSC and regionally by comparing results to the 
two study areas; Cama Beach, 45IS2 and Duwamish River, 45KI23. The concept of 
resource intensification for precontact people has mainly been addressed through 
traditional archaeological methods of data recovery from excavated sites in the Puget 
Sound Lowlands. These excavated sites are shell middens with storage features and show 
evidence of a shift in stone tool manufacturing and use. The Lower Skagit River Delta is 
comprised mainly of privately owned agricultural fields, and archaeological excavations 
are not a common practice there. Alternatively, if surface collections from the plow zone 
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that are common in these settings could be used to address/answer regional research 
questions, that would provide a potentially inexpensive means for doing research in the 
region.  
Researchers use archaeological data from excavated sites to answer regional 
research questions for the Pacific Northwest (Campbell 1981; Larson and Lewarch 1995; 
Schalk et al. 2010). However, the costs of excavating sites are high and using surface 
collections can present an alternative way to extract data at lower costs. The proposed 
study will benefit cultural resource management by helping the broader understanding of 
the spatial variation of human land use patterns in the Puget Sound Lowlands by 
connecting archaeological sites through regional research across space. This will allow 
better cultural resource management decisions on how to best preserve and conserve the 
archaeological record.  
This research is discussed in the following seven chapters. Chapter II describes 
the physical setting and culture history of the study area locally and regionally. Chapter 
III is the review of the literature based on the four objectives previously discussed in the 
purpose section. The theory, method, and technique for this study are in chapter IV. The 
next chapter discusses the statistical analysis I used for the intra-site and inter-site 
comparisons. The following chapter shows the results for this research. The last chapter, 
chapter VII, is the journal article that will be submitted for publication for this research.  
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CHAPTER Ⅱ 
  
STUDY AREA 
 
Physical Setting 
 
The Lower Skagit River Delta Surface Collection (LSRDSC) and 45SK51 
archaeological site are located on privately owned land in the Skagit River Delta 
floodplain traversed by irrigation ditches and agricultural land (Figure 2). The site is 
situated a mile and a half east from the Swinomish Channel, 2 miles northeast of the city 
of La Conner, and just east of the Sullivan Slough.  
 
 
Figure 2: Location of LSRDSC and 45SK51 (DAHP 2017). 
The Skagit River begins in the British Columbia and Washington’s North 
Cascade Range and drains approximately 150 miles into its delta in the Puget Sound 
Lowlands (Collins and Montgomery 2001). The Skagit River Delta is a part of the 
northern portion of the Puget Sound Lowlands located in western Washington. This 
LSRDSC and 
45SK51 
 
      Site Location 
                                N 
LSRDSC and 
45SK51 
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region lies between the Cascade Range to the east and the Olympic Mountains to the 
west. To the north, lies the San Juan Islands, which divides the region from the Strait of 
Georgia in British Columbia (Lasmanis 1991). About ten miles from the river mouth, the 
river splits into two distributaries, the North Fork and the South Fork. Prior to landscape 
modifications from early settlers, the Skagit Delta had an extensive number of estuarine 
wetlands rich with marine resources. Currently, the topography of the area is flat, broad 
floodplain that ranges from sea level to 10 ft. in elevation with present-day irrigation 
ditches and farm land (Collins and Montgomery 2001).  
There are three types of soils for the Skagit floodplain, Skagit, Sumas, and 
Tacoma (Web Soil Survey 2017). The primary soil Skagit silt loam consists of silt loam 
and very fine sandy loam with the parent material of alluvium and volcanic ash. The 
Sumas silt loam is silt loam, silty clay loam, and coarse sand. The parent material for this 
soil is alluvium. The final soil is the Tacoma, which is a silt loam, and the parent material 
is alluvium, volcanic ash, and lenses of organic material (Web Soil Survey 2017). All 
three soils found in the area are small particle sizes, which give high visibility of the 
archaeological record.  
Paleoenvironment 
The Pleistocene-era glaciation shaped the Puget Sound region until ca. 17,500 to 
12,000 years ago when glaciers began to retreat. The Puget Lobe of the Cordilleran ice 
sheet extended as far south as Olympia (Porter and Swanson 1998). Deposits of till from 
glacial outwash and proglacial lakes formed when the ice sheets retreated. This process 
deposited sediments of fine silts and clays (Easterbrook 1986). The climactic 
paleoenvironmental record indicates there were four shifts during the late Pleistocene and 
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Holocene (Walker and Pellatt 2008; Walsh et al. 2015). During the late Pleistocene, 
16,950 to 11,500 cal. BP, the Puget Sound region experienced a cool and wet climate. In 
the early Holocene, 10,500 to 7800 cal. BP, there was a period of increased drought and 
higher temperatures during the summer than what we experience today. From 7,800 to 
4,500 cal. BP, the climate again was wetter and cooler. After 4,500 BP to historical times, 
the region experienced smaller climatic events, such as Medieval Warming Period 
followed by the Little Ice Age (Crowley and Lowery 2000), and then warmed to 
conditions we see today. 
Modern Climate 
  The region has a temperate marine climate with cool, dry summers and mild, wet 
winters (Shaw 1965). This type of climate is due to the westerly winds that cool the air in 
the summer and warm the air in the winter (Walsh et al. 2015; Western Regional Climate 
Center 2014). The weather is determined by the seasonal shifts from the North Pacific 
High during the summer and the Aleutian Low during the winter. The average amount of 
rain varies throughout the region from 32 inches to 45 inches annually (Western Regional 
Climate Center 2017). The variation in rainfall in the area is due to a rain shadow effect 
caused by the Olympic Mountains, located to the west and the southwest of the Puget 
Sound. Storms with strong winds from the Pacific Ocean are a common occurrence 
(Suttles 1990; Walsh et al. 2015). For precontact people, the climate and weather cycles 
played an important factor for survival. Climate and seasonality were the driving forces 
for what resources were available to precontact people in different microenvironments 
during various times of the year. 
Flora and Fauna  
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The flora and fauna resources played a major role in everyday life for Native 
people. The Puget Sound Lowland is a subset of the Tsuga heterophylla (western 
hemlock) environmental zone (Franklin and Dryness 1988; Walsh et al. 2015). The 
understory has a variety of plants and shrubs that commonly includes salal (Gaultheria 
shallon), Oregon grape (Berberie vervosa), blackberry (Rubus macropetalus), western 
thimbleberry (Rubus parviflorus), salmonberry (Rubus spectabilis), and red huckleberry 
(Vaccinium parvifolium). Wetland flora includes tules (Scirpus sp.), skunk cabbage 
(Symplocarpus sp.), and cattails (Typha sp.) (Dalquest 1948; Suttles 1990). Plants were 
used as sources of food, medicine, fuel, and plant materials were used for technology 
(Suttles 1990:21-24). For example, a common plant associated with settlement and 
subsistence shift is the western red cedar (Thuja plicata). This tree was used for house 
planks and posts, which is recorded at 45SK51 (Mattson 1971). Other important 
technological uses for the cedar are boxes and canoes (Suttles 1990). The flora listed here 
is only a few out of many valuable plant resources Native people relied on for technology 
and subsistence.   
 The fauna Native people most commonly procured for subsistence are fish, sea 
and land mammals, waterfowl and marine shellfish (Suttles 1990). A large variety of 
anadromous fish obtained included the five species of Pacific salmons: Chinook 
(Oncorhynchus tshawytscha), coho (O. kisutch), sockeye (O. nerka), pink (O. gorbuscha) 
and chum (O. keta). The salmon would migrate the same time of the year which makes 
this subsistence reliable and a vital resource. Other seasonal fish obtained were steelhead 
(Salmo gaidneri), smelt (Spirinchus thaleichthys), sturgeon (Acipenser transmontanus), 
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Pacific lamprey (Lampetra tridentate), halibut (Hippoglossus stenolepis), and an 
assortment of cod.  
Sea mammals provided a large caloric return. Some sea mammals provided year-
round subsistence such as the harbor seal (Phoca vitulina) and the sea otter (Enhyda 
lutris). Other large migratory sea mammals include harbor porpoise (Phocoena 
phocoena), orca (Orcinus orca), humpback (Megaptera novaeangliae) and minke (B. 
acutorostrata). Beached whales and trade were an important resource for non-whaling 
tribes (Suttles 1990). 
For land mammals, ungulates, specifically the blacktail deer (Odocoileus 
hemionus) were the most sought after for subsistence and technology (Mattson 1971; 
Suttles 1990:26). Other ungulates include elk or wapiti (Cervus elephus), mountain goat 
(Oreamnos americanus) and the nearly extinct mountain sheep (Ovis canadensis).  
Common carnivores consist of the black bear (Ursus americanus), river otter (Lutra 
candensis), wolf (Canis lupus), coyote (Canis latrans), cougar (Felis concolor), racoon 
(Procyon lotor), bobcat (Lynx rufus), striped skunk (Mephitis mephitis) and spotted skunk 
(Spilogale putorius).  Lagomorphs and rodentias were important economically, especially 
the beaver (Castor canadensis) whose incisors are commonly found in the archaeological 
record as ornamentals (Mattson 1971; Suttles 1990:27).    
Migratory waterfowl provided a large abundance of seasonal resources in limited 
spaces (Suttles 1990).  The pelagic species are mainly an offshore fowl and would come 
inland for breeding and nesting which would provide nesting birds and eggs for 
subsistence. A more important resource than the pelagic species, the Anatidae species 
was more widespread to Puget Sound. This family includes the whistling swan (Cygnus 
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columbianus), trumpeter swan (C. buccinator), snow goose (Chen caerulescens), Canada 
goose (Branta canadensis), and more than twenty species of ducks (Suttles 1990; Yocum 
and Dasmann 1957). Birds of prey such as the bald eagle (Haliaeetus leucocephalus) and 
other large sized fowl provided a resource but not as abundant because these birds are not 
concentrated in one place.   
Another primary resource for Native people was shellfish. Marine invertebrate 
species are mollusks, crustaceans, and echinoderms. Researchers describe shellfish 
recovered from the archaeological record were not only used for subsistence but also 
used for technology and ornamentals (K. Ames 1999; Matson and Coupland 1995; 
Mattson 1971; Suttles 1990).     
Culture and History 
 
The following discussion of the cultural groups is based primarily on 
ethnographic work dating from the late eighteenth century and the 1930’s and 1940’s 
(Suttles 1990). Some archaeologists believe that cultural systems from the past 2,000 
years are much the same as the cultures described in ethnographic reports (Matson and 
Coupland 1995). The study area shown in Figure 3 is in what is known as the Southern 
Coast Salish cultural area (Coté 2010; Suttles 1990:486). Within this area, the southern 
Coast Salish people are the speakers of the Lushootseed language. The southern Coast 
Salish people, at the time of European contact, were semi-sedentary groups and lived 
their lives according to the resources available. From Suttles (1990) description, Southern 
Coast Salish people’s cycle for gathering food varied from one group to another. They 
would move to locations to harvest foods that were seasonally available. During the 
winter, they had permanent villages where they would live in large cedar plank houses 
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that could contain several families. They lived off stored foods obtained throughout the 
spring and summer months. In the summer, they would disburse along the water into 
smaller groups and stay in portable mat lodges to hunt mammals, fish, and gather for the 
upcoming winter months. Shared resources available were shellfish, salmon, herring, 
smelt, and seal, while the terrestrial land mammals were deer and elk. The most common 
plants used were bracken fern, camas, and berries (Suttles and Lane 1990).  
 
Figure 3: Salishan Languages Map (Burke Museum 2017). 
 
People of the Skagit River Delta 
The traditional people of the Skagit River Delta were the Squin-ah-mish band. 
The Squin-ah-mish is a small band of people that encompasses the Swinomish tribe 
which occupies the North Fork of the Skagit River. The band’s occupation extended from 
the Dry Slough, extending south then west across Skagit Bay to the southern part of 
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Whidbey Island. The Swinomish tribe occupied the eastern half of Fidalgo Island, then 
west encompassing Deception Pass and the northern part of Whidbey Island (Sampson 
1972:27).       
On January 22, 1855, the Treaty of Múckl-te-όh, Point Elliot, was signed and 
ratified by Congress in March of 1859 (Coté 2010). This treaty was intended to protect 
the rights of federally recognized tribes to continue to obtain traditional resources of their 
usual and accustomed lands. During the turn of the twentieth century, federal policies 
were put into place to force the assimilation of the Native population to the European 
culture. The federal policies were often signed under distress by Native leaders. Practices 
included the removal of children from traditional families to be sent to boarding schools 
where children would be punished if caught speaking their native language. Additional 
policies that pushed cultural assimilation included banning potlaching and dancing (Coté 
2010). Ultimately, the federal government neglected their treaty obligations. In 1927, 
treaty tribes, including the Upper Skagit Peoples, sued the federal government to 
reestablish village locations at the time of the treaty signing (Duwamish et al. v. United 
States). This set the precedence for traditional hunting and plant gathering in the Skagit 
Delta and recognized the Upper Skagit Peoples (Boxberger 1996:65).         
Post-Contact- Early Exploration and the First Settlers of Puget Sound  
 The first exploration of the Pacific Northwest was a Spanish expedition led by 
Juan de Fuca in A.D. 1543. His twenty-day exploration took him through the Straits, 
which now bears his name, and northern Puget Sound (Camfield 2000). The next 
documented exploration was George Vancouver on June 4th, A.D. 1792, Captain 
Vancouver explored and mapped southern Puget Sound. He named many of the 
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prominent landmarks including the waters of Whidbey Island and Possession Sound 
(Carpenter 1986; Hayes 1999:86). 
 Most of the first European settlers of the Puget Sound area were mainly trappers, 
traders, and explorers associated with the Pacific Fur, Northwest, and Hudson Bay 
Companies. From the 1820s to the 1860s, people traveled and traded throughout the 
Puget Sound area (Harmon 1998). Additionally, people during this time utilized the direct 
water route up the Cowlitz River to trade between Fort Vancouver on the Columbia River 
and Fort Nisqually in the southern Puget Sound (McClelland 1952; Ross 1966).  
Accessing these routes allowed the tribes of Puget Sound the opportunity to trade and 
barter, and many natives were hired as guides for the settlers (Carpenter 1986:30). 
Settlement of Skagit County 
 Skagit County was first settled in the 1860’s by Michael Sullivan and Samuel 
Calhoun. The two settlers proved agriculture could be done through diking of land 
thought to be a “useless wetland” (Interstate Publishing Company 1906). Skagit County 
grew considerably during the nineteenth century due to the significant agricultural 
industry. The main crops grown were oats and peas but gave way to the production of 
growing seeds. At one time, Skagit County grew and produced 95% of cabbage seed in 
the United States. As with the importance of agriculture, the dairy industry was a major 
contribution to the growth of the area. There were over 900 small dairy farms in the 
county at the beginning of the 1900s (White 1980). Today, agriculture and livestock 
continue to be the main economic industry for Skagit County. There are over ninety 
different crops grown in the county which includes a variety of berries, potatoes, and a 
diverse array of flora (McMoran 2015).  
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 This chapter provided the physical and cultural setting for where the LSRDSC is 
located. The study area, Lower Skagit River Delta is cultivated land that was settled in 
the 1860s. This area was shaped by the Pleistocene-era glaciation followed by multiple 
warming and cooling periods up to the modern-day climate that we see today. At the time 
of European contact, the southern Coast Salish people were semi-sedentary groups and 
depended on the seasonal availability of the resources. They had permanent villages 
during the winter that consisted of large cedar plank houses and food storage based 
economy. The following chapter discusses the reviewed literature associated with the 
four objectives. This literature includes the culture history and the material culture of the 
area. How past researchers have used paradigmatic classifications for their studies in the 
area. How past researchers have used the same statistical analysis and why it is 
appropriate for this study. Finally, researchers that have completed inter-site comparisons 
and addressed the subsistence and settlement shift in the region.  
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CHAPTER Ⅲ 
LITERATURE REVIEW 
 
In the following section, the reviewed literature will establish the research context 
for this study. The literature discussed in this section provides context for each of my 
objectives outlined in the purpose section.  
Objective One: Northwest Coast Culture History 
 
Objective one is to review the literature to identify what artifacts are associated 
with resource intensification. The associated material culture from this literature will be 
used to identify whether there is evidence of resource intensification at 45SK51. This 
context of the literature is based on the archaeological record researchers have used to 
describe the shift in settlement and subsistence patterns that occurred in the Puget Sound 
Lowland region during the mid-Holocene Epoch. This section will review the literature 
for the cultural history of the Northwest Coast Culture area followed by the next section 
describing the Skagit Delta cultural phases Mattson (1971) used for 45SK51.  
Matson and Coupland (1995) used the ethnographic and archaeological record to 
document the Northwest Coast Culture and developed a model for the cultural 
chronology spanning from 8000 cal B.P. to European contact. The study area defined as 
the Northwest Coast Culture covers the coastal zone from Yakutat Bay, Alaska to the 
California/Oregon border. There is a total of eight cultural phases in this model that are 
assigned to the Lower Skagit River Delta. Researchers (Matson and Coupland 1995) 
group these eight phases into two groups, an earlier group of the earliest four phases and 
a later group for the latest four phases known as the Developed Northwest Coast Pattern. 
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The Developed Northwest Coast Pattern are the phases where there is evidence of a shift 
in settlement and subsistence pattern.   
The Denali Complex, Protowestern Tradition, Old Cordilleran Culture, and the 
North Coast Microblade Tradition were defined using the archaeological record and 
assigned to early cultural phases of the Northwest Coast dating from 8000 cal B.P. to 
approximately 4500 cal B.P. (Matson and Coupland 1995). The documented stone tool 
technologies associated with these earlier phases was expedient chipped stone 
manufacturing from local and non-local materials, microblade/microcores, and a low 
abundance of abrasive and ground stone technology.  After 4500 cal. B.P., researchers 
suggest past populations started to shift from upland and riverine settings to coastal ones 
for their primary subsistence and settlement (K. Ames 1994; Butler and Campbell 2004; 
Matson and Coupland 1995).   
The latter four cultural phases, from 4500 cal. B.P. to European contact is known 
as the Developed Northwest Coast Pattern (Matson and Coupland 1995; Stein 2000) and 
are referred to as the Mayne/St. Mungo Phase, Locarno Beach Phase, Marpole Phase, and 
the Late Development Phase. The Mayne/St. Mungo Phase (4500 cal B.P. to 3500 cal 
B.P.) is transitional between earlier and later phases. The Mayne/St. Mungo phase 
contains tool technologies similar to the Old Cordilleran phase tool technologies, with a 
decrease in utilized flakes and an increase in abrasive stones and ground stone tools. 
Shell middens from the archaeological record date to the Mayne/St. Mungo phase and 
contain salmon bones with little evidence for it being a stored food during this time 
(Ames and Maschner 1999). Archaeologists suggest that during the Mayne/St. Mungo 
phase, past populations, started to transition from small, short-term upland and riverine 
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sites to lowland semi-permanent long-term occupational sites (Ames and Maschner 1999; 
Draper 1988).   
The Locarno Beach Phase dates from 3500 to 2400 cal. B.P. (Matson and 
Coupland 1995). The artifacts indicative of the Locarno Beach Phase occupations was 
chipped stone points, composite toggling harpoon bone valves, unilaterally barbed bone 
points, stone labrets, ground slate tools, and stone adze blades (Ames and Maschner 
1999; Matson and Coupland 1995; Moss 2011). Faunal remains are consistent with 
subsistence system focused on marine resources increase in the archaeological record 
revealing a variety of different fish, including salmon.  Features associated with food 
storage based economy appear in the archaeological record as shown by the presence of 
storage boxes made from cedar (Ames 2005; Ames and Maschner 1999; Matson and 
Coupland 1995; Stein 2000).  
The Marpole Phase (2400 cal B.P. to 1500 cal B.P.) is the best-represented phase 
at sites dating during this time for the Gulf of Georgia and Puget Sound region (Matson 
and Coupland 1995; Stein 2000). Marpole Phase artifact assemblages show a decrease in 
composite toggling harpoon valves and an increase in ground stone technology such as 
adze blades, ground slate knives and points. Expedient chipped stone technology from 
local material was present (C. Ames 2010). Also present in the archaeological record 
during this time, stone hand mauls, perforated stones, large bone and shell needles, 
unilaterally barbed bone points, unilaterally barbed antler points, and stone and antler 
sculptures (Matson and Coupland 1995: 201-203). The Marpole Phase is associated with 
the emergence of permanent winter villages with large cedar planked houses, wooden 
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boxes for food storage, and Coast Salish style art (Ames and Maschner 1999; Matson and 
Coupland 1995).  
The Late Development Phase dates from 1500 cal B.P. to European contact, in the 
eighteenth century for the Coast Salish people (Matson and Coupland 1995). There was a 
continual shift in the abundance of chipped stone technology versus the abundance of 
ground stone technology (C. Ames 2010; Moss 2011; Stein 2000). There was an increase 
in littoral and riverine sites that appear in Puget Sound area (Matson and Coupland 1995; 
Moss 2011).  
 The beginning of the Developed Northwest Coast Pattern, at 4500 cal B.P., is 
when past populations began the settlement and subsistence shift to coastal adaptations. 
This adaptation is when the phenomena of resource intensification became evident 
through the changes in tool technologies in the archaeological record. This culture history 
is a general time lap for the entire region. Mattson (1971) used the same cultural phases 
to represent the cultural chronology for 45SK51 in the Skagit River Delta.   
 Mattson (1971) classified the culture chronology of 45SK51 as having five 
cultural phases: Skagit Delta Phase I-V. Each cultural phase has a smooth transition from 
the preceding period. With the exception of Skagit Delta I, the author notes that there is 
an abrupt change in tool technologies between Skagit Delta I and Skagit Delta II. 
Artifacts associated with Skagit Delta Phase I were large leaf shaped chipped 
stone and ground stone projectile points, a chipped stone scraper, percussion preformed 
ground stone knife, abraded stone, long bone awls, and unilaterally barbed bone point. 
Shell midden deposits were minimal, and there were log platforms suggesting a small 
camp. The fauna consisted of mammals like elk, deer, and harbor seal, some waterfowl, 
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and a few fish remains. Mattson (1971) interpreted Skagit Delta Phase I material culture 
as associated or contemporaneous with the Locarno Beach Phase where sites were used 
seasonally, and past people depended on large game hunting and little fishing.  
Skagit Delta Phase II through Skagit Delta V is associated with the Marpole phase 
(Mattson 1971). Each cultural phase overlaps in time because there is a continuation of 
tool technologies. The distinction between overlapping phases was made based on the 
presence of new artifacts not seen in previous components. The artifacts for Skagit Delta 
Phase II are indicative of small triangular chipped stone and ground stone projectile 
points, knives, scrapers, adzes, awls, bone points, net weights, and fish hook barbs. Shell 
midden deposit at 45SK51 increased in density, and there were structural remains and 
post molds. Faunal remains consisted of small mammals, fish remains and a continuation 
of large fauna. Mattson’s (1971) interpretation of this phase is that there was the presence 
of woodworking and basketry making activities. The structural remains and post molds 
suggest a semi-subterranean dwelling.  The increase of shell midden deposit indicated 
there was a shift to a maritime economy, although there was a continuation of large game 
hunting and increased in the procurement of small mammals and fishing activities.     
Skagit Delta Phase III is a continuation of the previous phase with few exceptions. 
There was the presence of ornamentals such as beads, bird effigy, and pipes which are 
common artifacts found during the Marpole Phase. New presences of tools were stone 
and shell end scrapers, spall and antler wedges, and antler harpoon points. The variety of 
chipped stone projectile points declined. However, cryptocrystalline increased for raw 
material. There is a slight decrease of woodworking tools during this phase and a 
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continued increase for fish remains. Also, there was a discovery of large house remains 
and a large corner post which suggests a change in house form. 
The Skagit Delta Phase IV is part of the plow zone, that area below the surface 
that is plowed, tilled, and cultivated in the recent past. There is still a continuation of 
material culture from the previous phase for Skagit Delta Phase IV. The indications for 
this phase are changes to chipped and ground side-notched projectile points. 
Additionally, there were ground stone knives, nipple top mauls, pecking stone, and an 
obsidian scraper. There was a presence of tubular shell beads and light blue glass trade 
beads. The structural remains consisted of large post molds which could be evidence of a 
palisade. Mattson (1971) interpreted this phase as a continuation from Marpole to 
European contact. This cultural history would also include the Late Development Phase 
which Matson and Coupland (1995) described. There is a clear indication that the 
material culture Mattson (1971) describes for 45SK51 coincides with the Developed 
Northwest Coast Pattern which dates from 4500 cal. B.P. to European contact.  
Mattson (1971) also describes a Skagit Delta Phase V as being the ethnographic 
present however the artifacts that represent this cultural phase were not recovered from 
45SK51. Although no artifacts were found at the site, other sites in the area that are 
associated with this phase have artifacts which included unbarbed and unilaterally barbed 
bone projectile point, harpoon valves, toggling harpoon points, bone barbs for composite 
fish hooks, woodworking tools, and split cedar shakes and planks. The author comments 
that these artifacts may have been present however the lack of artifacts could be due to 
post-depositional processes from the plowed zone.   
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The Northwest Coast Culture spans from 8000 cal B.P. to European contact 
(Matson and Coupland 1995). There are eight cultural phases that were assigned to the 
Lower Skagit River Delta. The archaeological evidence showed that the cultural history 
of the study area is indicative of the Developed Northwest Coast Pattern, which dates 
from 4500 cal B.P. to European contact (Matson and Coupland 1995; Mattson 1971). 
Evidence from the material culture shows that during this time a shift in subsistence and 
settlement patterns happened. The cultural chronology Mattson (1971) described for the 
45SK51 were five cultural phases that are comparable with the material culture of the 
Developed Northwest Coast Pattern. The material culture are the artifacts associated with 
resource intensification and can be classified to generate data. The objective two 
literature review discusses how other researchers have used paradigmatic classifications 
to measure artifact variation in the Puget Sound Lowlands.     
Objective Two: LSRDSC Classification 
 
  Objective two is to build and apply a paradigmatic classification. Once the 
phenomena are defined and classified, then the data generated from the classification 
measures the variation of artifact assemblages across different environmental settings in 
the Puget Lowlands, which has been at the heart of all evolutionary archaeology 
approaches in the region (e.g., Campbell 1981; Dancey 1973; Kassa and McCutcheon 
2016; Ferry 2015; Lewarch and Dunnell 1974; Lewis 2015; Thomson 1978).    
The following literature review addresses why paradigmatic classification is used 
and how researchers have applied it to measure variation within artifact assemblages. A 
paradigmatic classification is appropriate for this study because the set of mutually 
exclusive, explicitly defined dimensions and attributes are used to measure the variation 
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in artifact form and technology in a fashion that is replicable and can be used in 
comparative analyses of artifact assemblages (Dunnell 1971; O’Brien and Lyman 2000).  
There has been a long history of researchers using paradigmatic classification to 
document the variation in form, technology and function of stone and bone tools in the 
Pacific Northwest, and Washington State in particular. Various classifications have been 
used for intra-site comparison, inter-site comparison, and comparing research.  
For example, Dunnell and Lewarch (1974), made an intra-site comparison with a 
surface collection from 45SA17. They sought to describe the density of artifacts, 
debitage, and tools on the surface. They used a functional classification with four 
dimensions: kind of wear, the location of wear, shape or plan of worn area and 
orientation of wear. There were 26 functional class types out of 784 potential classes. 
Twenty-five of the classes were utilized flakes, and one class was debitage. The authors 
also classified cores using the same classification and added a mass dimension which 
resulted in six classes. Their results showed there were different densities of artifacts on 
the surface suggesting there were different types of activities within the area of the site.  
Dunnell and Campbell (1977) used two classifications, function and style to 
measure stone tool form, function, and technology to document intra-site artifact function 
at 45SA12. The dimensions they used to classify function were: kind of wear, the 
location of wear, the shape of worn area, edge angle, and orientation of wear. There were 
61 filled classes out of 6480 possible functional classes. The most abundant class was a 
low-angle unifacial edge with perpendicular chipping wear. They also did a stylistic 
classification for projectile points. The most abundant artifact was a corner notched, type 
9, narrow-neck, barbed, with a straight stem. Their results from comparing the variation 
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of projectile points by stratum show that activities stayed the same throughout the 
approximant 500-year occupation of the site.  
Thompson (1978) constructed a paradigmatic classification to document 
settlement patterns by measuring the variation of artifact type and function from 
assemblages selected from different microenvironments within the Skagit River Valley 
Delta, San Juan Islands, and the northern Puget Sound basin. The dimensions used for the 
classification were shape, kind of wear, the location of wear and material hardness. The 
artifacts were then assigned to 20 different artifact types. The relative frequencies of the 
artifact types were then compared for similarities and chronology across 29 sites in 
different microenvironments. Thompson (1978) is the only other researcher that has done 
extensive studies in the Skagit River Valley Delta using paradigmatic classifications, and 
her study included 45SK51. The frequencies show that out of 20 artifact functional types, 
15 types are associated with 45SK51. The most abundant functional type is #8, ground 
and chipped stone projectile point. Further results for Thompson’s (1978) study is 
discussed in more detail in objective four for inter-site comparisons of the literature 
review.  
Campbell (1981) used a paradigmatic classification for an intra-site study at 
45KI23 to document the artifact shape, reduction technology and use-wear of each 
artifact. Dimensions used for artifact shape are; plain view, side view, and end view. 
There was a total of 21 shape classes for all objects and materials. The most abundant 
class for lithic artifact shape were bifaces, wedges, and chisels. Dimensions used to 
document the reduction technology were; type of fragment, the amount of cortex, and 
other modification. The most common class for lithic technology is indicative of flake, 
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with no cortex, and no modifications. Dimensions used for wear were; kind of wear, the 
location of wear, the shape of worn area, edge angle, and orientation of wear. Results 
show that 49 classes are present with the lithic assemblage. The most common class of 
wear documented is, on edge chipping on one side of the edge that is convex at < 30-
degree angle. The paradigmatic classification Campbell (1981) used for artifact shape 
also defined the artifact typologies which made this data was useful for cross-comparison 
and resampling in this study.  
The paradigmatic classification Larson and Lewarch (1995) used was to 
document stylistic, technological, and functional variation in tools for intra-site 
comparison at 45KI428. The techniques used for lithic analysis were a combination of 
traditional descriptions and numbered classifications of artifacts incorporated into a 
paradigmatic classification system. For classifying the stylistic variation of projectile 
points, the dimensions used were: blade/stem juncture, outline, stem edge, size, basal 
edge, blade edge, cross section, and edge grinding. Out of 7 projectile points classified, 
the most abundant is the shouldered triangular contracting stem point. The dimensions 
they used to classify use wear was: kind of wear, the location of wear, the shape of worn 
area, and edge angle. The most abundant artifacts utilized and retouched were gravers, 
knives, and spokeshaves. The authors were able to use comparable classifications to 
document the variation of artifacts within the site and to also compare their results to 
other sites (Larson and Lewarch 1995).  
To further the applicability of using a paradigmatic classification, Campbell 
(1981) and Larson and Lewarch (1995) constructed their classification so that their 
research is comparable to Thompson’s (1978) study. For inter-site comparison, both 
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artifact assemblages from 45KI23 and 45KI428 were compared to Thompson’s 
functional analysis of precontact tools for settlement patterns. Both assemblages were 
assigned to settlement type 6 indicative of river channels. Additionally, Schalk et al. 
(2010) used Thompson’s (1971) classification to classify the bone and antler tools for 
inter-site comparison with five other sites: West Point, Tualdad Altu, Duwamish, English 
Camp, and West Sound. The results from this inter-site comparison showed that wedges, 
gouges, and chisels were the most abundant tools at all the sites except for Tualdad Altu, 
where the most abundant tool for this site was composite harpoon valves.   
The literature discussed shows that a paradigmatic classification is a useful 
technique for measuring artifact variation within artifact assemblages for intra and inter-
site comparisons. This technique will allow the artifacts from Mattson’s (1971) report on 
45SK51 be classified. Mattson (1971) classified every artifact by type, material, 
technology, manufacturing, depth, and his cultural phase which is also associated with 
the Northwest Coast Culture History. His descriptions of the artifacts will be used as 
dimensions to build and apply a paradigmatic classification for the LSRDSC.   
Objective Three: Statistical Analysis 
 
Resampling for Representativeness 
Determining the accuracy of representativeness from samples drawn from larger 
populations is central for sample-based inferences (Zar 1974). A technique used for 
sample representativeness is known as bootstrapping. Bootstrapping is a nonparametric 
technique used to evaluate the richness and evenness distribution through measuring the 
number of categories, or classes, within the selected samples (richness) and the 
distribution of the population (evenness) across the categories (Kassa 2015; Mooney and 
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Duvall 1993). This technique gives the ability to assess the variation of artifact 
occurrences within a set of classes (Jones and Leonard 1987; Kintigh 1984). Although 
some researchers believe there are implications with this technique due to subjectivity 
(Cochrane 2002), prior researchers have successfully used the bootstrapping technique to 
make inferences to the representativeness of observed samples (McCutcheon 1997; 
Vaughn 2010; Ferry 2015; Kassa and McCutcheon 2016).  
To graphically display the sample representativeness from the bootstrapping 
technique, three ranked criteria has been used from the Resampler program (Mohr et al. 
2002) and has been used in a number of studies recently (Vaughn 2010; Lewis 2015; 
Kassa and McCutcheon 2016). Vaughn (2010) established three ranked frequency criteria 
using the graphs from the program. The first-ranked curve (Rank 1), is asymptotic, where 
the slope is zero before 75% of the sample size is used in resampling; rank 1 curves are 
considered to be drawn from a representative sample. The second-ranked curve (Rank 2), 
is high in richness but with a relatively uneven distribution. Rank 2 curves are apparently 
representative, but because the curve is asymptotic and the slope is at zero after 75% of 
the sample size is reached, statistical results drawn from these types of samples are 
considered suggestive and not definitive. Finally, rank 3 curves are not asymptotic, and 
not considered representative (Vaughn 2010).  
Brainerd and Robinson Coefficient Agreement 
Brainerd and Robinson Coefficient of Agreement (B&R), a non-parametric 
statistical comparison technique that measures the similarities between classes or types 
using percentage distributions (Brainerd 1951; Robinson 1951). The B&R was originally 
used by Robinson (1951) measuring four types of pottery from the cultural span of 400 
years. His research used this statistical approach to show how the types of pottery 
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represent different temporal periods. Such that, samples with similar percentage 
distributions are closer together temporally and the opposite for samples with dissimilar 
percentage distributions (Robinson 1951). Brainerd’s (1951) paper furthered the 
discussion of using this technique for measuring the similarities of artifact types from 
collections in a time and space framework. Other researchers have used the B&R 
technique for measuring frequency seriation, artifact types across space, and 
chronological ordering of inter-sites across space (Cowgill 1990; Lipo et al. 2015; 
Peeples 2011; Thompson1978).  
Monte Carlo Simulation  
The Monte Carlo simulation uses the relative frequencies of the sampling 
proportions and assesses the statistical behavior using random sample test from known 
samples (Mooney 1997). The premise is, a sampling distribution based on the sample 
frequencies could be assessed using a random sample test from known samples and the 
probabilities associated with those scores (Mooney 1997). This technique was used to 
determine if the B&R scores were statistically significant or by chance based on the 
observed probability value with which one can measure sampling error (Peeples 2011:3). 
Peeples (2011) used the Monte Carlo simulation to determine the probability values from 
B&R when comparing ceramics from eight different assemblages. He used a p-value of 
.005 to be statistically significant for a 1000 random sample test for each B&R score. 
Peeples (2011) was able to determine if the B&R scores generated for artifact similarities 
were significant or by chance. Using the Monte Carlo technique is a sufficient way to 
assess if the probability of the B&R scores generated for this study will be significant of 
driven by a sampling error.   
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Objective Four: Inter-Site Comparison 
 
The literature discussed focuses on why researchers have made inter-site 
comparisons and how they have addressed the settlement and subsistence shift within 
their research objectives (Mattson 1971; Thompson 1978; Campbell 1981; Larson and 
Lewarch 1995; Schalk et. al 2010).   
 In 1971, Mattson published his report on the excavation he did on 45SK51. The 
purpose of his research was to do an intra-site study to establish the cultural history of the 
Skagit Delta. Mattson’s (1971:33-36) theoretical framework was drawn from Willey and 
Phillips (1958). As discussed in the first objective of the literature review, Mattson 
(1971:125) describes five cultural phases associated with 45SK51 with dates that range 
from 1000 years B.C. to European contact. Mattson (1971) assigned components by 
changes in the artifact types and the sediment. He then assigned the phases by comparing 
the recovered artifacts from strata to Borden’s (1951) Locarno Beach Phase, Carlson’s 
(1954) Early Maritime Phase, Kidd’s (1964) Middle Period Phase, and Bryan’s (1955) 
and King’s (1950) Island Phase, Developmental Phase, Maritime Phase, and Late Phase. 
Mattson’s (1971) results show that there was a subsistence and settlement shift after 
Skagit Delta Phase I. This shift is evident by the change in tool technologies, faunal 
remains, and house features.   
Thompson’s (1978) inter-site research uses functional analysis of precontact tools 
to document settlement patterns for the Gulf of Georgia area. The sample used for 
Thompson’s (1978) study consists of 59 assemblages from 29 archaeological sites 
located in mainland, riverine, littoral and coastal microenvironments. Cluster analysis 
was used relative frequencies to correlate each assemblage to specific microenvironments 
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using Brainerd and Robinson Coefficient Agreement for similarities in artifact function. 
The results of the cluster analysis show that there are eight different settlement types for 
the study area, and each assemblage is correlated to its microenvironment displayed in a 
dendrogram. Additionally, the results are documented by each settlement type, the 
associated site number, and relative age for each assemblage. This study shows the 
settlement patterns for the Skagit River Delta study area. Specifically, the author used 
45SK51 as part of the sample used for this study (Thompson 1978). The results for 
45SK51 are a settlement type 2 which is classified as an inactive delta. 
The Duwamish No 1 site (45KI23) is situated in an estuary microenvironment 
located in the southern Puget Sound Lowland at the mouth of the Duwamish River 
(Campbell 1981). The purpose of this study was to document occupation of the site, 
associated features, and subsistence activities.  The chronology of this site is radiocarbon 
dated from 1330 cal. B.P. to 110 cal. B.P. Cultural deposits and features show that the 
occupation of this site was short-term over a cycle of several years. The fauna recovered 
and analyzed were large and medium mammals and birds. Fauna analysis showed the 
primary animal resource was elk and deer. This study uses functional analysis of 
precontact tools to build data sets to describe intra-site activities that can be compared to 
the functions of other sites in the area. Also, this study used stylistic analysis of projectile 
points to determine the span of occupation within site and compare to inter-sites 
chronology within the region. For inter-site comparison, this artifact assemblage was 
compared to Thompson’s functional analysis of precontact tools for settlement patterns. 
The assemblage was assigned to cluster 6 with a .0137 probability using a discriminate 
functional analysis. The author suggests that the probability value is not statistically 
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significant which could be a sampling bias. The results from Thompson’s study show that 
cluster 6 is indicative of generalized tools mainly in fresh and salt water locations. 
However, the assemblage from 45KI23 is classified as specialized tools, which were 
projectile points.  
West Point (45KI428) is a sand spit complex shell midden site situated south of 
Seattle, Washington in the southern Puget Sound Lowland (Larson and Lewarch 1995). 
The site is located in a littoral microenvironment. Lithic materials (n=4000) were 
analyzed to document site chronology, site function, settlement systems and regional 
inter-site comparisons. A total of 68 radiocarbon dates were taken to establish the 
occupation of the site. The occupation of the site dates from 4250 cal. B.P. to 200 cal. 
B.P. The lithics recovered from the site that dates from 4250 cal. B.P. to 3500 cal. B.P. 
are choppers, scraping planes, and cobble spalls that are indicative of expedient heavy 
task tool production. There were also microblades, and microcores are found during this 
time. During this time, the authors, Larson and Lewarch (1995) interpretation of site 
activities was animal butchering, marrow extraction, plant processing and woodworking. 
From 3500 cal. B.P. to 2350 cal. B.P. a technological shift is apparent from expedient 
tool manufacturing to a curated technology. By 1500 cal. B.P., there is a decrease of 
stone tools. This site shows a technological shift from expedient tool manufacturing to a 
curated tool manufacturing then there is a cessation in tool manufacturing. In addition, 
the settlement pattern shifts coincide with the tool-manufacturing trend. The authors 
(Larson and Lewarch 1995) suggests that by 1500 cal. B.P., the settlement pattern shifted 
from the year-round occupied base camp that focused on expedient tool manufacturing to 
a specialized camp where tools were manufactured elsewhere and retouched at West 
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Point. For inter-site comparison, Larson and Lewarch (1995) used empirical methods for 
functional and use wear analysis to compare this site to Thompson’s (1978) research. 
When compared to Thompson’s (1978) results, West Point is indicative of Settlement 
Type 6, a fresh and saltwater location that dates from 5000 cal. B.P. to 2000 cal. B. P. 
and the material culture is from the Locarno Beach and Marpole culture phases.  
The Cama Beach shell midden, 45IS2, (Schalk et al. 2010) is a located on the west 
side of Camano Island, Washington, in the Puget Sound Lowland region. Cama Beach is 
a cuspate foreland geomorphic feature situated in a littoral microenvironment. The 
purpose of this research was to do an intra-site study to document the chronology of the 
site, tool technology, and document changes in subsistence. Then an inter-site study for 
comparing bone and antler tools. The radiocarbon dates from the site put the occupation 
time from 1600 cal B.P. to 250 cal B.P. Results from the lithic analysis show that chipped 
stone technology was more abundant before 1100 cal B.P. The most common style of 
projectile point recovered was the San Juan triangular point (Matson 1976). Prior to 1100 
cal. B.P., the results from debitage analysis show that precontact people were making 
expedient tools at Cama Beach. After 1,100 cal B.P., a technological shift happens from 
chipped-stone technology to a ground-stone technology (Schalk et al. 2010). The faunal 
analysis was done to document changes in subsistence practices. The results show that 
before 1100 cal. B.P., the primary resource was a large game then shifted to increasing 
dependence on marine resources. Schalk’s et al. (2010) describes that bead production, 
woodworking, and bone and antler tool technology changed to prominent activities at 
Cama Beach at 1100 cal B.P. The increase in fishing gear and woodworking tools 
indicate there is a change in site activities after 1100 cal B.P.  This shift in site activities 
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also coincide with the shift in lithic technology from chipped stone to ground stone, 
which indicates evidence of resource intensification at Cama Beach.  
For the inter-site comparison, Schalk et al. (2010) used Thompson’s (1978) 
functional classification for classifying the bone and antler tools. They then compared to 
West Point, Tualdad Altu, Duwamish No 1, English Camp, and West Sound. The relative 
frequencies and proportions show that out of eight classes the most abundant tool was 
wedges, gouges, and chisels for all the sites.  
There is a consensus among researchers, that after the settlement and subsistence 
shift takes place, there is a subsequent shift from chipped stone to ground stone 
technologies (Campbell 1981; Larson and Lewarch 1995; Schalk et al. 2010). However, 
more recently, C. Ames (2010) suggested that the technological shift of chipped stone 
and ground stone is more complicated than previously thought. His research suggests 
there is a continuation of chipped stone technology and ground stone technology 
increases throughout time.   
These sites are located in the Puget Sound Lowland region, and the researchers have 
identified and addressed evidence of stone and bone tool technology which coincides 
with a subsistence and settlement shift in each site. Additionally, the paradigmatic 
classification they used for analysis is comparable to the paradigm I used for this 
analysis. The discussion of my results compared to the site reports of Cama Beach 
(Schalk et al. 2010) and Duwamish No 1 (Campbell 1981) will show that the surface and 
excavated collections has evidence of resource intensification and therefore achieving 
data potential.  
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CHAPTER Ⅳ 
THEORY, METHOD, AND TECHNIQUE 
Theory 
 
The framework for analyzing the surface collection of 45SK51 in the context of 
resource intensification is based in evolutionary archaeology theory. This means that 
variables that can be used to identify the selective conditions under which past people 
made and used tools are considered in the context of local environmental variation.  This 
method has been an effective way to document changes in the archaeological record 
(Dunnell 1978a, 1978b; Kassa and McCutcheon 2016; McCutcheon 1997; O’Brien and 
Lyman 2000). As shown in the literature review, past research (Campbell 1981; Larson 
and Lewarch 1995; Thompson 1978) have demonstrated that the range of variation of 
artifact types in tool technologies and function associated with the subsistence and 
settlement shift, which occurred after 4500 cal. B.P. in different microenvironments are 
complex.  
Environmental constraints, or natural selection, is one mechanism for the 
variation in artifact traits.  The selective conditions imposed by environmental constraints 
affect how humans create and modify the material culture (Dunnell 1978a, 1978b; Parfitt 
and McCutcheon 2017; O’Brien and Lyman 2000). Evolutionary archaeology is based on 
the premise that all artifact traits have distributions in time and space, and it is the 
differential persistence of these traits that are referred to as replicative success (Leonard 
and Jones 1987). Replicative success is an artifact trait(s) found in the archaeological 
record that has been replicated more often because of the success it conferred to the 
manufacturer and user under certain selective conditions, or the environmental stresses on 
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past people (Leonard and Jones 1987). The artifacts found in the archaeological record 
are considered products of technology or use and are an active element of the adaptive 
process of selective conditions (O’Brien and Lyman 2000:7).   
 Archaeological questions can be answered by defining the set of units in which 
the variation in artifact populations can be measured empirically (O’Brien and Lyman 
2000). This study draws broadly from the literature to identify the range of artifacts 
associated with the settlement and subsistence shift that were identified by past 
researchers as the evidence of resource intensification in the Puget Sound Lowland 
(Ames and Maschner 1999; C. Ames 2010; K. Ames 1994; Butler and Campbell 2004; 
Draper 1988; Mattson and Coupland 1995; Moss 2011; Stein 2000).  
Method 
The purpose of the method section is to distinguish, identify, and define the 
variables needed to compare LSRDSC to 45SK51 and identify evidence of resource 
intensification from LSRDSC for intra-site and inter-site comparison. The proposed 
research seeks to answer two questions: How does the LSRDSC compare to the 
excavated site 45SK51? Does the LSRDSC exhibit evidence of resource intensification?  
The LSRDSC has a total of 382 stone, bone, antler and shell artifacts, all of which 
are from the surface of the plow zone at 45SK51. Most of the artifacts are in good 
condition, and some show minimal damage from past plowing practices. The artifacts in 
the LSRDSC are consistent with the culture history types described as part of the 
Marpole Phase dating 2400 cal B.P. to 1500 cal B.P. and Late Development Phases 
dating 1500 cal B.P. to European contact (Mattson and Coupland’s 1995). Mattson and 
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Coupland’s (1995) culture history model was drawn from primary sources of Borden 
(1951), Bryan (1955), Carlson (1954), Kidd (1964), and King (1950).  
One of the principal outcomes of this research is to determine if the plow-zone 
surface collection from 45SK51 (LSRDSC) is representative of the reported excavated 
assemblage (Mattson 1971). In Mattson’s (1971) report he recorded all the artifacts 
recovered from the excavated site 45SK51. This report describes the type of artifact, 
artifact technology, where the artifact was recovered from in situ, and the cultural history 
types for some artifacts. Additionally, photos of all the artifacts and stratigraphic profiles 
were included in Mattson’s (1971) report. The excavated assemblage from 45SK51 has a 
total of 582 stone, bone, antler and shell artifacts (Mattson 1971). This site is a multi-
component site that exhibits intact deposits, which contained artifacts that were assigned 
to culture history types that date from 3500 cal. B.P. to European contact. If the surface 
collection and the excavated site assemblages are comparable, then the second question 
can be implemented. Then the samples can be combined for further investigation.  If not, 
they should be retained separately for further investigations.  For the results, I expect to 
see similarities between the surface collection and 45SK51 with some exceptions. The 
artifacts for the lower component, below the plow zone, at 45SK51, are associated with 
the Locarno Beach Phase. These artifacts are expected to be minimally represented in the 
LSRDSC as they would not be pulled into the active plow-zone layer because they are 
below modern farming activity. If as expected the LSRDSC is not comparable to the 
excavated assemblage from Mattson (1971), then the second question as to whether this 
assemblage is consistent with what is expected if it is another piece of evidence for the 
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settlement and subsistence shift known as resource intensification for the Lower Puget 
Sound region can be pursued.  
The expected results for the inter-site comparison should show dissimilarities in 
artifact proportions and variations of artifacts due to the different environmental selective 
conditions the sites are located.  The Cama Beach shell midden, 45IS2, has an 
occupational span with radiocarbon dating ranging from 1700 cal B.P. to 250 cal B.P. 
which is indicative of the Marpole and Late Development Phases (Schalk et al. 
2010:102). A total of 472 stone, bone and antler artifacts is used for this study. Schalk et. 
al (2010) recorded 10,151 lithic artifacts. A total of 9616 debitage, 174 utilized flakes, 
and 21 non-tool artifacts were not used for this research. The 174 utilized flakes were not 
classified due to the lack of information needed for the report for the material dimension. 
The 21 non-tool artifacts were not used because this study did not analyze non-tools. 
There was a total of 452 modified bone and antler and 192 unmodified antler objects 
recovered from the site. For bone and antler tool types, 132 were classified and used for 
this study. Only one unclassified shell tool artifact was described.  
The Duwamish No 1 site, 45KI23, (Campbell 1981) site is a multi-component site 
with radiocarbon dates ranging from 1330 cal B.P. to 110 cal B. P. The culture history 
associated with this site is the Late Development Phase. There was a total of 276 stone, 
bone, antler, and shell artifacts recorded (Campbell 1981:313). For this study, I re-
classified 261 stone, bone, antler, and shell tools. Fifteen of the artifacts were non-tools 
and were not used for this study because non-tools were not represented in this research. 
For this study, (Table 1) the data was generated by analyzing a total of 1697 artifacts 
from the four archaeological assemblages by physical inspection of LSRDSC, literature 
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review on Mattson’s (1971) thesis for 45SK51, and the CRM reports for 45IS2 (Schalk et 
al. 2010), and 45KI23 (Campbell 1981).  
Table 1: Assemblage, artifact type counts and occupational times. 
Assemblage Count (all 
artifact types for 
study) 
Occupation Sources for 
occupational dates of 
sites 
LSRDSC 382 2400 cal B.P.-  
European Contact  
 
Mattson and 
Coupland’s (1995) 
45SK51 
Mattson (1971) 
582 3500 cal B.P.-  
European Contact 
Borden (1951); 
Carlson (1954); Kidd 
(1964); Bryan 
(1955); King (1950) 
 
45IS2 
Schalk et. al (2010) 
472 1700 cal B.P. – 
250 cal B.P. 
 
Radiocarbon  
45KI23 
Campbell (1981) 
261 1330 cal B.P. – 
 110 cal B.P. 
Radiocarbon 
Artifact total  1697   
 
Technique 
Measuring the Variation 
The technique employed here is a paradigmatic classification which provides 
mutually exclusive units of analysis that maintain levels of comparability necessary for 
the intra- and inter-site comparisons (Dunnell 1971; O’Brien and Lyman 2000). In the 
following, artifact type variation in tool technology and function is the evidence to test 
hypotheses regarding resource intensification and selective condition differentials noted 
above. Once the artifacts are classified in the same manner across each assemblage they 
can be compared across microenvironmental settings in the Puget Lowlands, which has 
been at the heart of all evolutionary archaeology approaches in the region (e.g.; Campbell 
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1981; Dancey 1973; Lewarch and Dunnell 1974; Larson and Lewarch 1995; Thompson 
1978).   
The “Artifact Type Paradigmatic” classification in Table 2 was built from the 
artifact tool types described from the literature review with some additions. These artifact 
types are associated with the subsistence and settlement shift. The paradigm is also 
comparable to the artifact types in Mattson’s (1971) report. This paradigm defines the 
variation of artifacts types we would expect to see for resource intensification. 
Additionally, the paradigm defines the types of artifacts Mattson (1971) recovered from 
the excavated site 45SK51. The material type dimension and modes were adopted from 
the same materials Mattson (1971) described in his report. Mattson defined the materials 
based on the Mohs hardness scale, and I further defined the material modes from 
Andrefsky (2005) and Rocks and Minerals Guide (2002). The stone technology 
dimension describes the different techniques used to produce stone artifacts. 
Manufacturing stage dimension has three modes. Objects that are not manufactured as a 
tool, such as cores, would be classified as non-applicable. Preforms are tools in early 
stages of production or reduction and are not the finished form. The last mode, finished 
tool, is the exact meaning, which is an object produced in the finished form. The thermal 
alteration dimension is an addition and draws on the research of McCutcheon (1997), in 
which he defined this dimension to identify selective conditions affecting stone tool heat 
treatment. The non-tool type dimension classifies the rest of the artifacts that are not 
considered as tools. This dimension includes pipes, beads, and ornamentals which are 
artifacts commonly found in archaeological assemblages during the Late Development 
Phases.  
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Table 2: Artifact Type Paradigmatic Classification (Ames and Maschner 1999; 
Andrefsky 2005; Mattson 1971; and Mattson and Coupland 1995; Schalk et al. 2010). 
I. Artifact Type- An object formed by human modification (Andrefsky 2005).  
1. Projectile Point- two-sided rock that meets to form a single edge that has been modified on both 
sides from flaking or grinding and has a hafting element present (Andrefsky 2005) 
2. Biface-two-sided rock that meets to form a single edge that has been modified on both sides from 
flaking or grinding with no hafting element (Andrefsky 2005) 
3. Knives- bi-facially flaked or ground tool with a lanceolate shape with parallel lateral margins 
(Andrefsky 2005).  
4. Side Scraper- flaked or ground tool with retouch edge on all lateral sides of object at an angle of 60° 
to 90° (Andrefsky 2005) 
5. End Scraper- flaked or ground tool with “retouch on the distal end. Edge angle at 60° to 90°” 
(Andrefsky 2005: 225) 
6. Scraper- flaked or ground tool with “retouch edge at an angle of 60° to 90°” (Andrefsky 2005: 261) 
7. Graver- flaked or ground tool with two right angles that come together to form a chisel edge 
(Andrefsky 2005) 
8. Net weight/Anchor- flaked and/or ground cobble with two opposite notches on lateral edges 
(Mattson 1971). 
9. Wedges- flaked and/or bifacially ground tool that is elongated, rectangular/bi-convex in cross-
section tapering to a beveled edge at bit (Mattson 1971) 
10. Lance/Dagger- “long, slender, piercing ground tool, no cutting edges, strong point and thinned 
base” (Mattson 1971: 82).   
11. Hand Maul- bell shaped tool formed by percussion and abrasion (Mattson 1971). 
12. Cobble Tools- rock with cortex that has been modified through flaking or abrasion (Mattson 1971; 
Schalk et al. 2010). 
13. Adze- “preform and bifacially ground tool, symmetrical, triangular or rectangular plan view, 
rounded and/or blunt base, tapering or straight sides, beveled to one cutting edge” (Mattson 
1971:88) 
14. Chisel- ground tool, “rectangular to cylindrical with unifacially ground cutting edge and large flat 
base” (Mattson 1971: 95)  
15. Abraded Stone- a “tabular sandstone usually rectangular and at least two regular parallel surfaces 
in shape that has been bifacially and/or unifacially ground” (Mattson 1971: 97).  
16. Hones- tabular mudstone or sandstone with one or two straight bifacially ground edge (Mattson 
1971)  
17. Hammer/pecking stone- oblong cobble with blunted ends from use (Mattson 1971). 
18. Perforators- bone tool that is unifacially ground with convex edge, rectangular cross section, and 
no base (Mattson 1971; Schalk et al. 2010)  
19. Core- objects that have been modified through retouch or wear and does not have characteristics of 
flaked or bifacial tools (Andrefsky 2005). 
20. Awls- distal end of the bone tool is abraded to a tapered point or blunt tip and usually has a blunt 
base (Mattson 1971).   
21. Barbed Harpoon- “bifacially ground bone point, barbed on one or both sides, a cylindrical cross 
section of tip and base and rectangular midsection” (Mattson 1971: 109). Approximately 
“one-half of length has long tapering conical base, and the conical tip is less than one-fourth 
of tool” (Mattson 1971:109).   
22. Harpoon Valve- a bi-pointed bone tool with basil depression forming a bisected cone and a 
variation of tips, point or flat (Mattson 1971). 
23. Bone Point- unbarbed and barbed ground bone tool, bifacial thinning and a strong point on one or 
both ends, rectangular to irregular cross section (Mattson 1971).  
24. Points/Needle- abraded bone tool, rectangular cross section, pointed on one or both ends (Mattson 
1971). 
25. Fish Hook- bi-pointed bone splinter with rectangular cross section (Mattson 1971).  
26. Non-Tool Other- artifacts that are not tools. Example: beads, pipes, and ornamentals.  
27. Fragment/Object unknown- fragments of stone, bone, antler, or shell that are unidentifiable.  
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Table 2 cont. 
28. Scraper/Knife- flaked and/or ground tool lanceolate shape, with parallel lateral margins and edge at 
an angle of 60° to 90° (Andrefsky 2005). 
II. Material Type- materials types are adopted from Adam (2002), Andrefsky (2005), and 
Mattson (1971).   
1. Basalt- fine-grained igneous. Mohs scale 6 (Adam 2002; Andrefsky 2005; Mattson 1971).  
2. Cryptocrystalline- fine-grained aggregate crystals are less than 3µm. Mohs scale 7 (Adam 2002; 
Andrefsky 2005). 
3. Slate- fine-grain, foliated metamorphic rock. Mohs scale 5 (Adam 2002; Andrefsky 2005). 
4. Steatite- soapstone, metamorphic rock, talc-shist. Mohs scale 1 (Adam 2002; Mattson 1971).  
5. Serpentine- fibrous stone, silky or waxy luster. Mohs scale 2-5 (Adam 2002; Mattson 1971). 
6. Nephrite- translucent to opaque mottled stone with dull luster for raw stone and vitreous to greasy 
for polished luster. Mohs scale 6. (Adam 2002; Mattson 1971). 
7. Jadeite- biaxial stone with subvitreous, pearly on cleavages luster. Polished luster is vitreous to 
greasy. Mohs scale 6.5-7 (Adam 2002; Mattson 1971).  
8. Obsidian- igneous volcanic rock. Translucent with vitreous luster. Mohs scale 5-6 (Adam 2002; 
Andrefsky 2005).  
9. Coarse Sandstone- a compacted detrital sediment composed of quartz grains the size of larger sand 
particles (Andrefsky 2005). 
10. Fine Sandstone- a compacted detrital sediment composed of quartz grains the size of smaller sand 
particles (Andrefsky 2005). 
11. Mudstone Concretion- very fine-grained sedimentary rock (Andrefsky 2005).   
12. Bone- modified mammal (Mattson 1971). 
13. Antler- modified mammal (Mattson 1971). 
14. Shell- modified (Mattson 1971). 
15. Other/Unknown- materials unknown and/or other than what is described here.   
III. Stone Technology- specialized technique of stone production or reduction (Andrefsky 
2005). 
0. Non-applicable – non-stone objects 
1. Chipped- Artifacts that were formed through percussion and/or pressure flaking (Andrefsky 2005). 
2. Ground- Artifacts that were formed through abrasive action (Andrefsky 2005). 
3. Chipped and ground- Artifacts formed through both percussion and/or pressure flaking and abrasive 
action (Andrefsky 2005). 
IV. Manufacture Stage- stages of production or reduction of an artifact (Andrefsky 2005). 
0. Non-applicable- cores 
1. Preform- stage of production of stone, bone, antler or shell tool before attainment of finished form 
(Andrefsky 2005). 
2. Finished tool- stage of production of stone, bone, antler, or shell tool at completed form 
V. Thermally Altered (McCutcheon 1997: 247) 
0. No heating (McCutcheon 1997: 247).  
1. Lustrous/Nonlustrous flake scars: object exhibits lustrous flake scars intersecting to nonlustrous 
flake scars (McCutcheon 1997: 247).   
2. Lustrous Flakes scars: lustrous flakes scars only, where the luster is equivalent to that exhibited on 
objects exhibiting mode one above (McCutcheon 1997: 247). 
3. High-Temperature Alteration: object exhibits potliding, crazing, and/or crenulated surfaces (as 
defined in Purdy 1974) (McCutcheon 1997: 247). 
VI. Non-Tool Type 
0. Non-applicable- object that is a tool. For classification purpose.  
1. Pipe- ground stone object that is straight and cylindrical with a bowl on one end (Mattson 1971).  
2. Bead- stone, bone, or shell object that has a hole biconically drilled near or in the center (Mattson 
1971).  
3. Ornament- object such as a figurine.  
4. Other- object other than described above. 
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 This paradigmatic classification is conclusive and comparable for the LSRDSC 
intra and inter-site study. This classification was used to classify the artifacts from 
LSRDSC, the excavated assemblage from 45SK51, 45IS2, and 45KI23. After the 
artifacts had been classified using the paradigmatic classification, the samples were 
resampled for representativeness.   
LSRDSC and 45SK51 representativeness 
 The LSRDSC was systematically collected from the surface of the plow zone, and 
every artifact seen on the surface was collected. The smallest recovered artifacts were 
beads at 5-9 mm, and the largest artifact was a net weight/anchor at <100 cm.  The 
artifacts from the excavated assemblage at 45SK51 was recovered by depositional units 
or components defined by Mattson (1971)), and excavated material was hand sorted. No 
screens were used for excavation.  
The following will address if the two assemblages are representative of each other 
so that they can be combined or left separate for the inter-site comparisons. According to 
Mattson (1971) when he started the excavated in 1959 the owners of the land expressed 
to him that they tried to grow a variety of foods however the cultivated land was 
agriculturally unproductive. Plow-zone dynamics have been studied in detail elsewhere 
where it was found that each time the land is tilled, a random sample of the 
archaeological record contained in the plow zone is represented on the surface (Dunnell 
1988; Dunnell and Simek 1995). However, low visibility due to vegetation or surface 
disturbance (weed removal/cultivating) can impact recovery rates and the characteristics 
of assemblage sample size (McCutcheon 1997), and in these circumstances, multiple 
collections are required over the same area for a representative sample (Dunnell 1988). 
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The soil for the Skagit Delta is fine grain, mainly silt, and the surface was absent of 
vegetation when the surface was walked, and artifacts were picked up.  
Resampling for Representativeness  
Rather than assuming population characteristics for statistical comparisons of 
sample data, recent efforts have focused on evaluating sample representativeness based 
on the characteristics of the samples themselves (McCutcheon 1997; Mooney and Duvall 
1993). To evaluate sample representativeness, a program called Resampler was used 
(Mohr et al. 2002). The Resampler is a statistical program that uses the bootstrapping 
technique to graphically display the representativeness of each sample using incremental 
sampling with replacement, which means that successively larger random increments are 
drawn from the sample (e.g., 5, 10, 15, 20, etc) and the number of types in those 
increments are plotted.  As the sample gets larger the shape of the distribution reaches an 
asymptote if the sample is representative.  
For this study, I adopted Vaughn’s (2010) three ranked frequency criteria to 
graphically determine the sample representativeness (Figures 4 and 5). Rank 1 is an 
asymptotic curve where the slope reaches zero before 75% of the sample size is used 
when resampled. Rank 1 curves are considered representative. Rank 2, is an asymptotic 
curve where the slope reaches zero after 75% of the sample size is reached. These 
samples are considered suggestive in representativeness. Rank 3 curves are not 
asymptotic, but linear, and the samples are considered not represented (Vaughn 2010). 
Richness and evenness of sample frequencies for classificatory dimensions drive the 
results of resampling analysis.  Where sample frequencies are very rich (e.g., lots of types 
present) and/or very uneven (e.g., large variation in frequencies across types), sample 
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representativeness is lacking and classificatory dimensions may need to be collapsed or 
combined.  Resampling results that rank 1 and 2 were used in statistical comparisons.   
 
Figure 4: Hypothetical Distributions Representing Rank 1, 2, and 3 Resampling Curves 
(Kassa and McCutcheon 2016). 
 
Figure 5: A Representation of Hypothetical Rank 1, 2, and 3 Resampling Curves (Kassa 
and McCutcheon 2016).  
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CHAPTER Ⅴ 
STATISTICAL ANALYSIS  
Once dimensions were evaluated for representativeness, a step-wise statistical 
approach was employed to compare the surface and excavated samples from 45SK51, 
and then again in the 45SK51, 45IS2, and 45KI23 inter-site comparisons. The analysis 
seeks to test the null hypothesis (𝐻0): that the relative frequencies of artifact classes from 
LSRDSC are not similar to Mattson’s (1971) excavated sample from 45SK51. The 
hypothesis was tested by using Brainerd and Robinson Coefficient Agreement for 
similarities with a p value of p=.005 following Peeples (2011). If the null hypothesis is 
not rejected than the surface and excavated samples from 45SK51 can be combined, and 
subsequently used in the inter-site comparisons.  
Brainerd and Robinson Coefficient Agreement 
Brainerd and Robinson Coefficient Agreement (B&R) is a non-parametric 
statistical comparison technique that measures the similarities between classes or types 
using percentage distributions (Brainard 1951; Robinson 1951). Formally, this is 
expressed as 𝑆 = 200 − ∑ 𝑝𝑖a−𝑃𝑖b ]
𝑁
𝑖=1[  “where S is similarity, i represents the variables, 
(the artifacts), Pia is the percentage of artifacts types in each technology class being 
measured from sample A, and Pib represents the same artifact type being compared from 
sample B” (Peeples 2011:1). This equation provides a “score of similarity from 0 to 200, 
where 200 is 100% similarity between class proportions and 0 is no similarity at all” 
(Cowgill 1990:513; Peeples 2011:1). This method of statistical analysis is appropriate 
because I am comparing proportional frequencies from a variety of depositional (surface 
and excavated) contexts to see if they are similar in artifact forms. Additionally, this 
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method is used because it is robust in that it can compare representative classes with large 
and small sample sizes.  
The Monte Carlo simulation technique was used to generate a sampling 
distribution. The principle assumption here is that a simulation can be run 1000 times to 
determine the probability of acquiring a particular Brainerd and Robinson coefficient. 
The simulation uses the sample frequencies and creates a sampling distribution that the 
B&R score can be compared to and by doing so allows a significance value to be used to 
either reject or accept a particular B&R score (Mooney 1997). The Monte Carlo 
simulation will “determine if the similarity scores were statistically significant or by 
chance, which would indicate a sampling error” (Peeples 2011:3). Dr. John Bowen of the 
Geography Department at CWU created the program in Excel’s Visual Basic. This 
program took the two samples being compared for similarity and combined them into one 
sample. After the samples are pooled together, then the two samples were separated again 
at random for comparison. Then the program randomly distributed proportions of the 
samples to the classes that were represented by the dimension that is being compared. For 
example, if there are ten artifact type classes that represent chipped stone technology, the 
program filled each class a proportional amount. The program then compares both 
samples for similarity and generates a B&R score each time this random sample test is 
done. For this study, I ran the simulation to produce a 1000 random sample test from the 
two samples being compared. According to Peeples (2011:4), the “proportion of B&R 
scores from the random sample that produced scores of equal or less value than the actual 
B&R score indicates the probability that an observed B&R score may be due to sampling 
error.” The probability values are expressed as 0 to 1. As an example, a probability value 
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of p=0.005 means out of a 1000 random sample test runs, 5 runs resulted in a B&R score 
that was equal to or below the actual B&R score. A “low probability value like 0, 
indicates the samples being compared, or the observed B&R score generated was not due 
to a sampling error” (Peeples 2011:4). In this manner, working with representative 
sample frequencies, I can be relatively sure about conclusions that are drawn from our 
statistical analysis. 
The statistical analysis employed here first assessed the samples for 
representativeness. After which, all the samples were then compared for similarities and 
insuring if the B&R scores generated were statistically significant.  The results for sample 
representativeness, the B&R scores, and the Monte Carlo simulation are described below.  
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CHAPTER Ⅵ 
RESULTS 
Analysis for 45SK51 
The artifact type paradigmatic classification generates a potential of 100,800 
classes; classification of all 45SK51 artifacts generated 121 filled classes for the 
LSRDSC, and 89 filled classes from Mattson’s (1971) excavated sample (see Appendix 
A). For LSRDSC, 20% of the 121 filled classes have more than four observed artifacts. 
The greatest number of artifacts observed in a single class is the chipped stone projectile 
point, finished tool, made from basalt at 8.5%. The next largest number of artifacts 
observed is the ground stone adze, finished tool, made from nephrite at 6.5%. Finally, the 
next artifacts are ground stone projectile point, finished tool, made from slate observed at 
6% of the total filled classes.     
Out of 89 filled classes, Mattson’s (1971) sample has 31% with more than four 
observed artifacts. The largest filled classes for artifacts observed are bone points at 15% 
and bone awls at 11.5%. The next largest filled class for artifacts are the chipped stone 
projectile point, finished tool, made from basalt at 8.8%, followed by, ground stone adze, 
finished tool, made from nephrite and serpentine at 5%. The ground stone projectile 
point, finished tool, made from slate class is observed at 4.8%.     
Both assemblages have a relatively low number of filled classes with more than 
four artifacts. When comparing the richness between assemblages, the LSRDSC has the 
larger number of classes filled at 121. The larger amount of filled classes, or artifact 
variation, from the LSRDSC, is likely tied to the nature of the surface collection.  The 
LSRDSC is richer because its artifacts were drawn from the entire site, whereas the 
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Mattson (1971) excavated sample was limited to two sub-surface excavation trenches. 
When comparing the two assemblages for evenness, apart from the bone artifacts for 
Mattson’s (1971) sample, both assemblages compare relatively the same for 
chipped/ground stone projectile points and adzes. Mattson’s sample has 30% of bone and 
antler artifacts and 10% for the LSRDSC. The lack of perishable artifacts in the LSRDSC 
is probably due to preservation issues caused by post-depositional processes of the 
plowzone.   
The data from the dimensions for the Artifact Type Paradigm were resampled for 
representativeness for both the LSRDSC and Mattson’s (1971) sample. The dimensions 
(Table 3) that displayed representativeness from the Artifact Type Paradigm are Material 
Type, Stone Technology, and Manufacturing Stage. The dimensions Thermally Altered 
for both collections and the Non-tool for the surface collection were unrepresentative 
when resampled. These dimensions were not included in the statistical analysis and 
comparisons in Table 3. 
Table 3: LSRDSC and Mattson (1971) dimensions of representativeness from artifact 
type paradigm. 
 LSRDSC (n=382) Mattson (n=582) 
Dimension  Rank Rank 
I Tool Type 3 3 
II Material Type 2 1 
III Stone Technology 1 1 
IV Manufacturing Stage 1 1 
V Thermal Altered 3 3 
VI Non-Tool 3 2 
 
To further investigate tool technology, the dimension Tool Types was aggregated 
into chipped stone tools, ground stone tools, bone and antler tools, shell tools, and 
fragment/unknown objects for both collections. While using the more resolved Tool Type 
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dimension would be preferred, samples sizes are not sufficient to make thoughtful 
statistical comparisons. Instead, using Tool Technology classes that other researchers 
have identified as the tool technologies found in artifact assemblages associated with the 
mid-Holocene Epoch settlement and subsistence shift were used for this study (C. Ames 
et al. 2010; K. Ames 1994; Butler and Campbell 2004; Campbell 1981; Dinwiddie 2014; 
Lewarch and Dunnell 1974; Matson and Coupland 1995; Moss et al. 1990; Schalk 1981; 
Schalk et al. 2010). Additionally, Material Type and Manufacture Stage dimensions were 
included in this study because of the sample representativeness. These two dimensions 
gave the opportunity to compare raw materials across sites and assess if there were 
different stages of tool manufacturing activities at 45SK51. The classes used for this 
study are shown in Table 4. Although shell tool technology is identified by other 
researchers as associated with the subsistence and settlement shift, this class was not used 
in this study because of the low sample size. The resampling of the tool technology 
classes, material type, and manufacturing stage was represented by rich and even/uneven 
distributions.   
Table 4:LSRDSC and Mattson Technology classes sample representativeness. 
 LSRDSC (n=382) Mattson (n=582) 
Classes Rank Rank 
Chipped Stone Tools 2 2 
Ground Stone Tools 2 2 
Bone and Antler Tools 2 2 
Shell Tools N/A 1 sample N/A 2 Samples 
Fragment/Unknown Objects 2 2 
II Material Type 2 1 
IV Manufacturing Stage  1 1 
 
Tool technology classes and counts are shown in Table 5 are generated by the 
artifact tool types or material dimensions defined by the artifact type paradigmatic 
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classification for all the assemblages. The data for the relative frequencies and 
proportions for each tool technology class are located in Appendix A, Tables A1 through 
A6.  
Table 5: Tool Technology classes, counts, and percent observed for LSRDSC and 
Mattson. 
Tool Technology Classes LSRDSC 
Count 
%  
(n=382) 
Mattson 
Count 
% 
(n=582) 
Chipped Stone  67 17.5 100 17.2 
Ground Stone 229 59.9 229 39.3 
Bone and Antler 32 8.4 193 33.2 
Shell Tool 1 0.3 2 0.3 
Fragment/Unknown Object 40 10.5 34 5.8 
Material 382 100 582 100 
Manufacture Stage 382 100 582 100 
 
B&R scores for LSRDSC and Mattson’s sample 
Brainerd and Robinson’s Coefficient of Similarity (B&R) was used to compare 
the similarities between the LSRDSC and Mattson’s sample for the intra-site comparison. 
The B&R test generates a score, 0-200, by comparing the proportions of each artifact 
type from each tool class from sample A and sample B. After the B&R scores had been 
generated for each class, I tested each score for sampling errors using the Monte Carlo 
simulation that generated the p-value. For this study, any p-value that is greater than 
0.005 is considered not to be statistically insignificant, meaning that the observed B&R 
coefficient could be due to sampling error. Alternatively, where the sample sizes are 
sufficient a p-value equal to or less than 0.005 is considered statistically significant.   
Table 6 shows the B&R scores and probability values (p values) from the relative 
frequencies for the Tool Technology Classes measured between LSRDSC and Mattson’s 
sample. The B&R scores for Chipped Stone, Ground Stone, Bone and Antler, Material 
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and Manufacturing Stage show a similarity of more than 50% between the LSRDSC and 
Mattson’s sample. The Fragment/Unknown Object class generated a B&R score of 80.29, 
which is below 50% of similarity. There is no B&R score for Shell Tool because of the 
low sample size in both populations. The p-value for all classes is 0 which indicates that 
the B&R scores were not due to sampling errors.   
Table 6: Brainerd and Robinson scores and p values for LSRDSC and Mattson’s sample. 
Tool Technology Classes B&R Score  
 
p-value 
(p=.005 statistically 
significant) 
Chipped Stone 144.36 0 
Ground Stone 162.45 0 
Bone and Antler 127.98 0 
Shell Tool 0  
Fragment/Unknown Object 80.29 0 
Material 130.3 0 
Manufacture Stage 173.72 0 
 
The B&R score generated for the chipped stone tool technology is 144.36. The 
artifact type that has a relatively similar and highest proportion between both 
assemblages is the projectile point, LSRDSC is at 50.7% and 60% for Mattson’s sample 
for a difference of 9.3%. Most of the filled class relative frequencies are similar between 
the two samples, ranging within a 6% difference between both assemblages. Not all of 
the artifact type classes are filled for both assemblages. Both assemblages have 73% 
represented for the 11 artifact types that make up the chipped stone tool class. The 
differences in richness exist between the samples, where the LSRDSC sample has three 
empty classes that were filled with the Mattson sample, and the Mattson sample has three 
empty classes that were filled with the LSRDSC sample. The similarities in relative 
proportions for the projectile points and the low range in proportional differences 
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between the artifact types when comparing the two samples are what is contributing to 
the higher B&R score for the chipped stone tool technology classes.  
The ground stone tool class has a B&R score of 162.45. Of the filled classes in 
both samples, projectile point, adze and abraded stone classes are represented by 10% or 
more of the assemblage from each sample.  For instance, the adze ground stone tool class 
is at 48.5% for LSRDSC and 37.1% for Mattson’s sample. The projectile point class is at 
13.1% for LSRDSC and 21% for Mattson’s sample, and the abraded stone class is 10% 
for each sample.  The Mattson sample also has ground stone knives class at 10%.  Further 
differences in richness exist between the samples, where the LSRDSC sample has three 
empty classes that were filled with the Mattson sample, and the Mattson sample has five 
empty classes that were filled with the LSRDSC sample. Many of the filled class relative 
frequencies were very similar between the two samples and likely contributed to the 
overall higher B&R score, despite double-digit differences in the most populated filled 
classes, meaning that the relative proportions were more often similar than different. 
The B&R score for the bone and antler tool technology class is 127.98. The 
artifact type that has a relatively similar and highest proportion between both 
assemblages is the bone point, the LSRDSC has 43.8%, and Mattson’s sample has 46.6%. 
Out of 9 artifact type classes, most of the filled class relative frequencies range within a 
10% difference between both assemblages. The largest difference in relative frequency is 
the awls where LSRDSC has 6.3%, and Mattson’s sample has 36.3% for a difference of 
30%.  Another difference in richness is the artifact type classes filled between the two 
samples. The LSRDSC has seven out of nine classes filled, and Mattson’s sample has all 
nine of the classes filled. The factors contributing to the B&R score are bone points 
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having the highest relative proportion. Another contributing factor is the low range 
differences of the relative frequencies for the artifact type classes between both 
assemblages.  
The fragment/unknown technology class is classified by material types and has a 
B&R score of 80.29. All of the material classes are filled for the LSRDSC, and three out 
of nine classes are not filled for Mattson’s sample. Comparatively, both assemblages 
have uneven distributions in proportions. The largest difference in relative frequency is 
bone where LSRDSC has 15%, and Mattson has 58.8% for a difference of 43.8%.  
Another example of differences in material class proportions is slate where the LSRDSC 
has 35% and 14.7% for Mattson with a difference of 20.3%. The large differences in 
relative proportions and not having all of the classes filled for Mattson’s sample is 
contributing to the low B&R score.   
The next B&R score for similarity is material type at 130.3. Not all of the material 
type classes are filled for the LSRDSC. Out of 15 material types, obsidian is not 
represented for LSRDSC, whereas Mattson's sample represents 100% of the categories. 
The observed relative frequencies show that there are similar proportions of all the 
material classes except slate and bone. The range between both samples for the material 
types filled is 7%. The variation in observed relative frequency for the slate material for 
the LSRDSC is 24.6% and 8.9% for Mattson for a difference of 15.7%. Another 
difference in material type is bone at 8.6% for LSRDSC and 33.2% for Mattson for a 
difference of 24.6%. The B&R score is due to most of the material type classes filled and 
from the similar proportions between both samples.   
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The highest B&R score for similarity is the manufacture stage class at 173.72. All 
three of the classes are filled with both samples, and the frequencies are relatively similar. 
The two classes with similar proportions are non-applicable/other and finished tool. For 
the LSRDSC the frequency for non-applicable is 7.6% and 8.8% for Mattson for a 
difference of 1.2%. The largest proportion is finished tool class which has 76.2% for 
LSRDSC and 88.1% for Mattson. However, the largest difference in proportions is the 
preform class, which has an uneven distribution of 16.2% for LSRDSC and 3.1% for 
Mattson for a difference of 13.1%.  The high B&R score for this class is driven by all the 
classes are filled, and there are similar proportions for two of the three classes.   
Both assemblages are relatively similar when comparing proportions and relative 
frequencies for artifact and material types in each tool technology class except for the 
fragment/unknown class. The similarities are because the relative frequencies show the 
artifact and material types have comparatively similar and large proportions for the 
chipped stone, ground stone, bone and antler, and manufacturing stage classes. The low 
B&R score for the fragment/unknown class is because of the uneven distributions 
between the material types, specifically, the bone and slate material. The results 
discussed here show that I was able to generate data from the LSRDSC for the intra-site 
comparison and is relatively similar to Mattson’s excavated sample from 45SK51. The 
next step to achieving my objectives for this study is the inter-site comparison to 45IS2 
and 45KI23 which are discussed below.   
Inter-site Comparison 
For the inter-site comparisons, I used the same process from the LSRDSC intra-
site comparison for classifying 45IS2 and 45KI23 from the artifact type paradigmatic 
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classification and generating the tool technology classes. I also used the same tool 
technology classes and resampled 45IS2 and 45KI23 for representativeness. The next 
step was to combine the LSRDSC and Mattson’s excavated sample from 45SK51 
(n=964) because of their comparative similarity. The samples were combined because the 
relative frequencies show a large difference in proportions with bone and antler between 
the samples. The low proportion of perishable artifacts made from bone and antler have 
been affected by the post-depositional processes in the LSRDSC sample. Combining the 
two samples gives a more robust sample to capture the data of artifact types.  
However, I then discovered that Mattson’s sample has artifacts from a lower 
component, which is associated with the Locarno Beach Phase and could not be removed 
for analysis. This is because Mattson (1971) recorded the range of depth for the artifact 
types when they were classified, instead of the specific depth for each artifact found in 
the stratigraphic layers. Therefore, I could not effectively remove the artifacts located in 
the lower component without affecting the sample size.  The culture history of 45SK51 
spans from the Locarno Beach Phase to the Late Development Phase; however, the 
surface collection only has material culture representative of the Marpole Phase and Late 
Development Phase. These later two phases are well represented at 45IS2 and 45KI23. 
The artifacts that are associated with the Locarno Beach Phase could not effectively be 
separated from Mattson’s sample. Therefore, in addition to comparing the combined 
samples of the surface collection and Mattson’s sample to 45IS2 and 45KI23, I also 
compared the LSRDSC for similarity to 45IS2 and 45KI23.  
Classifying the artifacts from 45IS2 generated a total of 52 filled classes and 29 
filled classes for 45KI23. For 45IS2, 44% of the total 52 filled classes had more than four 
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observed artifacts. The largest number of artifacts observed are bone wedges, a finished 
tool at 14% of the total artifact count. The next largest number of artifacts observed are 
bone points that are finished tools at 9%. The chipped and ground stone cobble finished 
tools of unknown/other material and chipped stone finished knives made from 
cryptocrystalline are at 7% for each artifact class. Observed artifacts that make up 6% of 
each class are finished ground stone adzes made from nephrite, abraded stones made 
from fine sandstone, and ground stone cobble tools. The next artifacts observed are 
chipped stone, cryptocrystalline bifaces at 5%. The artifacts observed at 4% for each 
class are: finished chipped stone basalt scrapers, chipped stone cobble finished tools 
made from basalt and finished hammer/pecking stone made from the unknown/other 
material. The last observed artifacts that make up 3% are ground stone, 
fragment/unknown made from the slate material. The assemblage 45IS2 is high in 
richness, a lot of filled classes, and with uneven distributions. These results are consistent 
with the sampling representativeness ranking 2 for most of the dimensions (Table 7).  
Out of 29 filled classes, 45KI23 has 52% with more than four observed artifacts. 
The largest filled class for artifacts observed are bone points at 23% of the total artifact 
count. The next largest number of artifacts observed are harpoon valves at 11%. The 
artifacts observed at 10% for each class are: finished antler wedges, finished awls, and 
finished ground stone hand mauls made from basalt. The artifacts observed at 5% for 
each class are: finished bone wedges and finished chipped stone knives made from 
cryptocrystalline. The next artifact observed at 4% is a finished end scraper made from 
cryptocrystalline. The artifacts that make up 3% for each class are: finished chipped stone 
projectile points made from cryptocrystalline, finished chipped stone biface made from 
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basalt, and finished ground stone adze made from nephrite. This assemblage does not 
have as many filled classes as 45IS2, but is high in richness and has relatively more even 
distributions than 45IS2. The results described here are consistent with the sampling 
representativeness classes that ranked 1 for most of the dimensions (Table 7).  
Table 7: 45IS2 and 45KI23 technology classes sample representativeness. 
 45IS2 (n=472) 45KI23 (n=261) 
Classes Rank Rank 
Chipped Stone Tools 2 1 
Ground Stone Tools 1 1 
Bone and Antler Tools 2 1 
Shell Tools N/A  N/A  
Fragment/Unknown Objects 2 2 
II Material Type 2 1 
   
 
Table 8 shows all frequencies for total artifact counts and percentages of tool 
technology classes used to compare LSRDSC, the combined sample of LSRDSC and 
Mattson (45SK51 assemblage), 45IS2, and 45KI23. The observed relative frequencies of 
tool technology and material classes for 45IS2 and 45SK51 assemblage are described in 
Appendix A, tables A7 through A11. The Shell Tool class was not tested for similarity 
for any assemblage because of insufficient sample sizes. For 45KI23 comparison, the 
observed relative frequencies for 45KI23 and the 45SK51 assemblage, tool technology 
classes are described in the appendix, Appendix A, tables A12 through A16.  
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Table 8: Tool technology classes, counts, and percent observed for LSRDSC, 45SK51 
assemblage, 45IS2, and 45KI23. 
Tool Technology 
Classes 
LSRDSC 45SK51  
assemblage 
45IS2 45KI23 
count % 
n=382 
count % 
n=964 
count % 
n=472 
count % 
n=261 
Chipped Stone 67 17.5 167 17.3 143 30.3 76 29.1 
Ground Stone 229 59.9 458 47.5 191 40.5 8 3.1 
Bone and Antler 32 8.4 225 23.3 123 26.1 173 66.3 
Shell Tool 1 .3 3 .3 1 .2 0 0 
Fragment/Unknown 
Object 
40 10.5 74 7.7 12 2.5 4 1.5 
Material 382 100 964 100 472 100 261 100 
 
B&R Scores for 45SK51 Assemblage and 45IS2 
When comparing the 45SK51 assemblage to 45IS2 (Table 9), all the B&R scores 
are below 50% in similarity except the material class. Not all of the artifact types are 
represented for both assemblages for tool technology classes, and relative frequencies 
have uneven distributions. For instance, for ground stone technology, 45IS2 only have 
nine artifact types represented, and 45SK51 assemblage had all the 18 artifact types 
represented. Such large differences contribute to a lower B&R score by creating uneven 
distributions of observed frequencies. These results are consistent with the resampling 
results as these dimensions received a rank of 2. One example of the uneven distribution 
of relative frequencies are the chipped stone projectile points. The chipped stone 
projectile point frequency for the 45SK51 assemblage is 56.3% and 45IS2 has 18.2% 
gives the difference of 38% between the proportions. For 45IS2, chipped stone knives 
have the highest frequency at 23.1% and 9.6% for the 45SK51 assemblage for a 
difference of 13.5%. Another observation of the uneven distribution of relative 
frequencies is the ground stone technology class where the cobble tool is the highest 
frequency for 45IS2 at 40.1%, and 45SK51 assemblage has only 0.4% with a difference 
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of 39.7%. The highest frequency for the 45SK51 assemblage is adze at 42.8% and 15.2% 
for 45IS2 for a difference of 27.6%. However, there are similarities for the bone and 
antler class. The observed frequencies are relatively similar for bone points at 33.3% and 
46.2% and barbed harpoon at 2.2% and 2.4%.  
Table 9: Brainerd and Robinson scores and p-values for 45SK51 compared to 45IS2 and 
45KI23. 
Tool Technology 
Classes 
45SK51 
45IS2 
B&R Score 
 
45KI23 
B&R Score 
 
p-
value 
 
Chipped Stone 91.01 129.96 0 
Ground Stone 70.94 89.96 0 
Bone and Antler 99.99 131.51 0 
Shell Tool 0 0  
Fragment/Unknown 
Object 
51.35 60.81 0 
Material 118.38 98.42 0 
 
For the 45KI23 comparison (Table 9) to the 45SK51 assemblage, the scores that 
were less than 50% similar were ground stone technology, the material type, and 
fragment/unknown object. The tool technology classes that score more than 50% similar 
were chipped stone, and bone and antler. Not all of the artifact types were represented for 
tool technology classes, and relative frequencies had uneven distributions. For 45KI23, 
there were only two out of 18 artifact types classified as ground stone technology when 
the 45SK51 assemblage has 100% artifact types represented. Another example is the 
material class where 7 out of 15 material types are represented for 45KI23, and 100% is 
represented for the 45SK51 assemblage. Additionally, only 36% of material classes was 
observed for the fragment/unknown object for 45KI23, and 81% are represented for 
45SK51. The classes that have more than 50% in similarity for the B&R scores are the 
chipped stone with the projectile point having relatively similar frequencies observed for 
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45KI23 at 47.4% and 56.3% for the 45SK51 assemblage. The last class with 50% more 
similarity is the bone and antler tool technology class. The similar frequencies observed 
for bone point artifact type is 37.6 for 45IS2 and 46.2% for the 45SK51 assemblage.  
B&R Scores for LSRDSC and 45IS2 and 45KI23 
The following results are for comparing the B&R scores for the LSRDSC to 
45IS2 and 45KI23 (Table 10). I expect the B&R scores will increase in similarities 
because the surface collection does not have the lower component that represents the 
Locarno Beach Phase from the 45SK51assemblage. The observed relative frequencies of 
tool technology and material classes for LSRDSC, 45IS2, and 45KI23 are described in 
Appendix A, tables A17 through A21.   
Table 10: Brainerd and Robinson scores and p-values for LSRDSC compared to 45IS2, 
and 45KI23. 
 
Tool Technology 
Classes 
45IS2 
B&R Score 
 
45KI23 
B&R Score 
 
p-value 
 
Chipped Stone 103.83 130.56 0 
Ground Stone 70.51 100.44 0 
Bone and Antler 119.05 143.89 0 
Shell Tool 0 0  
Fragment/Unknown 
Object 
70 35 0 
Material 89.24 71.2 0 
    
 
All the B&R scores for 45IS2 are below 50% except for chipped stone and bone 
and antler technologies (Table 10). Not all of the artifact and material types are 
represented for both assemblages for tool technology classes, and relative frequencies 
have uneven distributions. For the chipped stone technology, out of 13 artifact types, the 
LSRDSC have eight artifact types represented, and 45IS2 have ten types represented. The 
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largest proportion for the LSRDSC is the projectile point at 50.7% and 18.2% for 45IS2 
for a difference of 32.5%. The LSRDSC has 15 out of 18 artifact types represented for 
ground stone technology, and 45IS2 has 9. The largest difference in frequencies is cobble 
tools for 45IS2 at 40.1% and 0.4% for LSRDSC for a 39.7% difference between 
proportions. For the bone and antler tool class, the largest observed frequency for 45IS2 
is the wedge at 54.5% and only 15.6% for LSRDSC. Out of 15 material types for the 
fragment/unknown class, only two material types are not represented for LSRDSC 
compared to 14 material types not represented for 45IS2. Finally, for material class, the 
largest difference in observed frequency slate at 24.6% for LSRDSC and 3.6% for 45IS2 
for a difference of 21%.  
When comparing the LSRDSC to 45KI23, all of the B&R scores are more than 
50% similar except for fragment/unknown and material classes (Table 10). These scores 
are because not all of the artifact and material types are represented in the tool classes, 
and there are uneven distributions for both assemblages. The largest differences that are 
driving the B&R scores are as follows. For the chipped stone tool class, out of 13 artifact 
types, LSRDSC has eight artifact types represented compared to 45KI23 with four 
artifact types. The artifact type with the largest uneven distribution for this class are 
knives, where LSRDSC has 6% compared to 26.3% for 45KI23 a difference of 20.3%. 
There are 18 artifact types that make up the ground stone tool class. The LSRDSC has 15 
artifact types represented compared to 45KI23 only having two artifact types represented. 
The largest proportional differences for the bone and antler tool class are wedges. The 
LSRDSC has 15.6% compared to 24.7% for 45KI23 a 9.1% difference. There are of 15 
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material types that make up the material class. Out of the 15 material types, the LSRDSC 
has13 types represented compared to only four for 45KI23.  
The results show that not all artifact types are represented, and there are uneven 
distributions across all three assemblages which are consistent with the resampling 
results. The B&R scores did increase in similarity for the LSRDSC comparison by 
excluding the 45SK51 assemblage which has the Locarno Beach Phase component. The 
results of the how the B&R scores increased for LSRDSC when I compared to 45IS2 and 
45KI23 are discussed below.     
B&R Score Similarities/Differences using Surface Only vs. Combined Assemblages 
The B&R scores increased overall for 45IS2 except for ground stone and material 
classes (Table 11). The chipped stone class increased to more than 50% similar from 
91.01 to 103.83. The artifact types with relatively similar proportions for chipped stone 
technology for the LSRDSC are 13.4% and 14.7% for 45IS2. Additionally, the similar 
artifact types represented for both assemblages are scrapers. The B&R score for bone and 
antler class increased from 99.99 to 119.05 because both assemblages have relatively the 
same proportions for bone points. The LSRDSC has 43.8%, and 45IS2 has 33.3% for a 
difference of 10.5%. There are also similar artifact types that are not represented for both 
assemblages which are the chisel and fish hook. Another increase is the 
fragment/unknown object class; the B&R score increased from 51.35 to 70 because the 
slate was the highest percentage and relatively even for LSRDSC and 45IS2. The ground 
stone technology B&R score stayed the same for 45IS2. This is due to similar artifact 
types not being represented in both assemblages and having low proportions. Such as, 
there are similar, yet very low proportions for bifaces, end scraper, net weight/anchor, 
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hand maul, and scraper/knife. The similar artifact types not represented for both 
assemblages are lance/dagger and cores.  For the material class, the B&R score decreased 
from 118.24 to 89.24 because there are uneven distributions in material types and not all 
of the types are represented for both assemblages.   
Table 11: Brainerd and Robinson scores and p-values for 45IS2 compared to 45SK51 and 
LSRDSC. 
Tool Technology Classes 
45IS2 
45SK51 
B&R Score 
 
LSRDSC 
B&R Score 
 
p-value 
 
Chipped Stone 91.01 103.83 0 
Ground Stone 70.94 70.51 0 
Bone and Antler 99.99 119.05 0 
Shell Tool 0 0  
Fragment/Unknown 
Object 
51.35 70 0 
Material 118.38 89.24 0 
 
When comparing LSRDSC to 45IS2 and 45KI23, the B&R scores are more 
similar to 45KI23, except the fragment/unknown object and the material classes (Table 
12). The B&R scores did increase overall except for the material and fragment/unknown 
classes. The B&R score for the chipped stone class increased slightly by less than one 
percent. This is due to both assemblages, LSRDSC and 45KI23, having a similar 
proportion of chipped stone projectile points at 50.7% for LSRDSC and 47.4% for 
45KI23. There are also similar proportions for bifaces at 9% for LSRDSC and 10.5% for 
45KI23. For ground stone technology, the B&R score increased from 89.96 to 100.44 due 
to more artifact types not being represented and with very low artifact type proportions 
with LSRDSC. For instance, 45KI23 only has two artifact types represented for this tool 
class. When I compared the 45SK51 assemblage there were 100% of artifact types 
represented; now there are 15 artifact types represented out of 19 for the LSRDSC. When 
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comparing the bone and antler tool technology, the LSRDSC and 45KI23 the B&R scores 
increased from 131.51 to 143.89 because both assemblages have relatively similar 
proportions with bone points and similar artifact types are unrepresented for LSRDSC. 
The relative frequency for bone points is 43.8% for LSRDSC and 37.6% for 45KI23. The 
similar artifact types that are not represented are biface, chisel, and the fish hook. The 
two classes where the B&R scores decreased are the material types for the material and 
fragment/unknown classes. The B&R score decreased for the material class from 98.42 to 
71.2, and the fragment/unknown class decreased from 60.81 to 35 because there are 
uneven proportions and not all of the material types are represented for both assemblages.  
Table 12: Brainerd and Robinson scores and p-values for 45KI23 compared to 45SK51 
and LSRDSC. 
Tool Technology Classes 
45KI23 
45SK51 
B&R Score 
 
LSRDSC 
B&R Score 
 
p-value 
 
Chipped Stone 129.96 130.56 0 
Ground Stone 89.96 100.44 0 
Bone and Antler 131.51 143.89 0 
Shell Tool 0 0  
Fragment/Unknown 
Object 
60.81 35 0 
Material 98.42 71.2 0 
 
The B&R scores increased overall for both 45IS2 and 45KI23 assemblages. In 
most classes, the scores increased about 19%. While in a couple of classes the scores 
decreased by about 25% and two classes the score stayed relatively the same. These 
results show that the LSRDSC is more similar to the two study areas. This is because the 
artifacts from LSRDSC are consistent with the same cultural history as 45IS2 and 
45KI23. The next section is a summary of the results and my justification for using the 
LSRDSC results for the journal article following this chapter.      
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Summary of Results 
 
I sought to answer if a surface collection has the data potential to answer a 
modern research context question. The opportunity to test the question regarding the data 
potential in surface collections arose with the LSRDSC. I used two research questions to 
guide my effort. How does the surface collection compare to Mattson’s sample from 
45SK51? If the surface collection is comparable to Mattson’s sample, then the data from 
the surface collection will be used to answer a modern research question. For this study, I 
seek to answer if there is evidence of resource intensification at 45SK51? 
To explore the first question, I had to determine if the artifacts from the LSRDSC 
are comparable to Mattson’s sample by testing the two assemblages for similarities. The 
B&R scores for the intra-site comparison between the LSRDSC and Mattson’s sample 
show the two assemblages are more than 50% similar and statistically significant. The 
similarities are because the relative frequencies show the artifact and material types have 
comparatively similar proportions for the chipped stone, ground stone, bone and antler, 
and manufacturing stage classes. This shows that the surface is more representative than 
it is not of what lies below the surface. Therefore, the LSRDSC is a random sample of the 
upper components of the excavated site 45SK51, and the data can be used for answering 
a modern regional research question. So, the question becomes: is the LSRDSC similar to 
45IS2 and 45KI23 in showing evidence of resource intensification based on relative 
frequencies from the proportions of artifact classes? 
The first step to answering the second question is the inter-site comparison 
between the 45SK51 assemblage, the LSRDSC, and the two study areas, 45IS2 and 
45KI23. The B&R scores show the LSRDSC alone is more similar to the two study areas, 
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45IS2 and 45KI23, than when compared to the combined 45SK51 assemblage. The 
differences between the B&R scores from the LSRDSC and 45SK51 assemblage are due 
to the material culture that is representative of the Locarno Beach Phase in the lower 
components of 45SK51. Additionally, the material culture represented in the surface 
collection and the two study sites are of the same time period: Marpole Phase and The 
Late Development Phase. These results give the justification to use the relative 
frequencies generated for the LSRDSC to answer the second research question.  
The next step was to compare the relative frequencies from the proportions of 
artifact types between the LSRDSC, 45IS2, and 45KI23. The B&R scores show the 
LSRDSC is more similar to 45KI23 than 45IS2. Although there are similarities with the 
B&R scores, I observed uneven distributions in relative frequencies for artifact types for 
all three assemblages. The variation in artifact type distributions between the three 
assemblages is what we would expect to see due to the different selective conditions of 
the environment. This is because each site is located in different micro-environments and 
each micro-environment had selective and diverse types of resources available for 
subsistence. The site 45IS2 is located in a littoral environment, 45KI23 is located in an 
estuarine environment, and the LSRDSC is located in a deltaic environment. These 
selective environmental conditions are apparent in the variation of artifacts used in this 
inter-site comparison. The following section will address the second question regarding 
evidence of resource intensification for the LSRDSC.  
The paradigmatic classification used for this study was built from the artifact 
types researchers have identified as evidence of resource intensification (Ames and 
Maschner 1999; Campbell 1981; Mattson and Coupland 1995; Schalk et al. 2010). After I 
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classified the artifacts from LSRDSC, Mattson’s sample, 45IS2 and 45KI23, the artifacts 
were aggregated into four tool technology classes: chipped stone, ground stone, bone and 
antler, and shell. Researchers suggest that these technological tool classes are associated 
with the settlement and subsistence shift (C. Ames et al. 2010; K. Ames 1994; Butler and 
Campbell 2004; Campbell 1981; Dinwiddie 2014; Matson and Coupland 1995; Moss et 
al. 1990; Schalk 1981; Schalk et al. 2010). Furthermore, researchers have demostrated 
from past studies that evidence of resource intensification is indicative of ground stone, 
bone, and antler tools are more abundant in the archaeological record than chipped stone 
tools (C. Ames et al. 2010; Campbell 1981; Dinwiddie 2014; Larson and Lewarch 1995; 
Schalk 1981; Schalk et al. 2010). For the LSRDSC, the observed relative frequency 
shows that ground stone tools have the largest proportion when compared to the chipped 
stone, bone, antler and shell tool technological classes. The relative frequency for 45IS2 
also shows ground stone tools having largest proportion for the tool technology classes. 
Additionally, the relative frequency for 45KI23 shows that bone and antler tools have the 
largest proportion when compared to the rest of tool technology classes. The results of all 
three assemblages show that the tool technologies, ground stone, bone, and antler, are 
more abundant than the chipped stone which is consistent with what researchers say is 
evidence of resource intesification. Based on these result I can answer the second 
question; the LSRDSC does show evidence of resource intesification.  
The summary of results discussed here demostrates that I have succesully 
completed each of my objectives for this study. The LSRDSC is a random sample of the 
45SK51 site, and the data can be used for a modern research question. The B&R scores 
from the LSRDSC and 45SK51 assembalge demostrated that it is justifiable to use the 
71 
 
surface collection for the inter-site comparison because of the lower component in 
45SK51. Allthough there are uneven distrobutions between all three assemblages, the 
variation in arifact type frequencies is expected due to the selective conditions of 
different micro-environments. The observed relative frequencies for the three 
assemblages and the similarites between the assemblages shows there is evidence of 
resource intesification at 45SK51. In addition, the similarities also demonstrate the data 
potential a surface assemblage from a plow zone can achieve. Chapter Ⅶ is the journal 
article. Based on my results here, it is justifiable to use the surface collection alone for the 
inter-site comparison. Further discussion of the results including the conclusion of this 
study is followed in the journal article 
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CHAPTER Ⅶ 
 
COMPARING A SURFACE COLLECTION TO AN EXCAVATED COLLECTION IN 
THE LOWER SKAGIT RIVER DELTA AT 45SK51 
 
The student coauthors this manuscript with the committee chair, and it will be 
submitted to Archaeology in Washington. The manuscript begins on the next page and 
will be the version submitted; the final manuscript (if accepted) may result in differences 
based the results of editorial and blind peer reviews.   
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Abstract 
 In the Puget Sound Lowland of the Pacific Northwest, archaeologists have 
investigated a shift in settlement and subsistence patterns occurring in the mid-Holocene 
Epoch. The artifacts used as the evidence of this shift are interpreted as a concept known 
as resource intensification. This change in artifact frequencies has been studied only in 
the last thirty years and in limited areas of the Puget Sound Lowlands. An opportunity to 
investigate a site from after the shift presented itself when Central Washington University 
acquired the Lower Skagit River Delta Surface Collection (LSRDSC). This artifact 
assemblage was collected from a plow-zone in the Lower Skagit River Delta with 
permission of the landowner. This plowed field is the same location as site 45SK51, 
which was excavated in the 1960s. The purpose of this study is two-fold: to determine if 
LSRDSC is comparable to the 1960s excavated sample and used to detect the presence of 
resource intensification and then compare those results to two other site analyses from the 
Lower Puget Sound. Differences in the selective conditions are proposed to account for 
differences in artifact types between the LSRDSC and the other two sites. These 
differences may be tied to uneven distributions of relative frequencies for tool 
technologies across different microenvironments, which is a consistent pattern found in 
earlier research in the area.  
Keywords: Washington state archaeology, precontact subsistence and settlement shift, 
resource intensification, Brainerd and Robinson Coefficient Agreement.  
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Introduction 
 The Lower Skagit River Delta Surface Collection (LSRDSC) is from a plow zone 
context located in Skagit County, Washington. This assemblage has 382 stone, bone, and 
shell artifacts that exhibit a wide diversity of technological forms representing various 
states of manufacture. This artifact assemblage was picked up with permission from the 
land owner in 1982. The collection owner took the authors to the location where both the 
surface collection was made, and the well-known site 45SK51 had been excavated in 
1961 by John L. Mattson (Mattson 1971). The surface collection was loaned to Central 
Washington University’s Department of Anthropology and Museum Studies for analysis 
and comparison in 2015.   
The Lower Skagit River Delta is comprised mainly of agriculture fields, and 
artifacts are commonly found on the surface of the plowed fields. Many of these artifacts 
were collected, and some artifacts were reported on in the Washington State’s database 
(WISAARD 2017). As an example, out of 52 sites surveyed in the Skagit River Delta, 
50% of those sites are known from artifacts found on the surface (WISAARD 2017). 
Nevertheless, the archaeological data potential of surface collections in this area is 
unknown as many of those sites remain unstudied or analyzed. The purpose of this study 
is to determine if LSRDSC, a surface collection, can be used successfully in a modern 
research context. Specifically, is the surface collection comparable to the excavated site 
45SK51 material culture? If the surface collection is comparable to Mattson’s sample 
from 45SK51, then data from the surface collection will be used to answer a modern 
research question. For this study, we seek to answer if there is evidence of resource 
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intensification at 45SK51. Resource intensification is a modern research concept that has 
generated questions Pacific Northwest archaeologists’ have been investigating (Ames and 
Maschner 1999; Butler and Campbell 2004; Croes and Hackenberger 1988; Larson and 
Lewarch 1995).  This concept is associated with the subsistence and settlement shift 
which occurred after the mid-Holocene Epoch. To address the question of comparability, 
an intra-site study was done between the surface collection and the sample Mattson 
(1971) excavated from 45SK51. To determine if there is evidence of resource 
intensification, an inter-site comparison between the results generated by comparing the 
surface and excavated collections from 45SK51 and the data from two assemblages 
recorded in the Puget Sound Lowland: Cama Beach, 45IS2 (Schalk 2010 et al), and 
Duwamish No 1, 45KI23 (Campbell 1981).  
Researchers describe that during the mid-Holocene Epoch (ca. 5000 cal B.P.), 
there was a shift in settlement and subsistence practices for precontact populations in the 
Puget Sound Lowlands of the Pacific Northwest (K. Ames 1994; Butler and Campbell 
2004; Matson and Coupland 1995). The archaeological evidence for the shift are semi-
permanent lowland sites with storage features, shell middens, and changes in the tool 
technologies found in artifact assemblages (Ames and Marshall 1980; Butler and 
Campbell 2003; Matson 1992; Moss et al. 1990). This research will focus on the tool 
technologies and functions from three different sites, all of which occur in different 
microenvironments.  We expect that variation in tool technology and function will match 
with expectations from the mid-Holocene shift in settlement and subsistence systems but 
have variable expressions across assemblages as the selective conditions under which 
past people made and used tools were different in each site location. 
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Researchers suggest as the settlement and subsistence pattern changed, there was 
the continuation of chipped stone technology, with an increase of ground stone, bone, and 
antler tools (C. Ames et al. 2010; K. Ames 1994; Butler and Campbell 2004; Campbell 
1981). Other researchers suggest that chipped stone technology drops out of the 
archaeological record with the increased use of ground stone technology  (C. Ames 2009; 
Dinwiddie 2014; Matson and Coupland 1995; Moss et al. 1990; Schalk 1981; Schalk et 
al. 2010). Both the shift in settlement and subsistence patterns and their archaeological 
evidence are interpreted as resource intensification (Ames and Maschner 1999; Butler 
and Campbell 2004; Croes and Hackenberger 1988; Larson and Lewarch 1995). 
Resource intensification in the Pacific Northwest is defined as resources that are 
efficiently obtained and stored for later use through increased labor productivity and 
storage technology (Ames 1994; Butler and Campbell 2004; Schalk 1981). The range of 
artifact types found in the archaeological record discussed here provides an opportunity 
to compare assemblages from different microenvironmental contexts and see if some of 
the differences noted above are being driven by the selective conditions under which 
tools were made and used in the Puget Sound Lowlands.  
Study Area and Sites 
  The sites being compared in this research are all located in the Puget Sound 
Lowland. The Puget Sound Lowland is a subset of the Tsuga heterophylla (western 
hemlock) environmental zone (Franklin and Dryness 1988; Walsh et al. 2015). The 
prominent resources Native people procured for subsistence were anadromous fish, 
shellfish, sea mammal, waterfowl, and ungulates (Suttles 1990). The climate of the Puget 
Sound Lowland has a temperate marine climate with cool, dry summers and mild, wet 
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winters (Shaw 1965). This type of climate is due to the westerly winds that cool the air in 
the summer and warm the air in the winter (Walsh et al. 2015; Western Regional Climate 
Center 2014). The weather is determined by the seasonal shifts from the North Pacific 
High during the summer and the Aleutian Low during the winter. The rain variation in 
the area is due to a rain shadow effect caused by the Olympic Mountains, located to the 
west and the southwest of the Sound (Walsh et al. 2015).  
 
Assemblages 
All the assemblages described here are shown in Table 1 with artifact counts and 
occupation dates. Figure 1 shows the locations of the three study areas located in the 
Puget Sound Lowland. The LSRDSC, located in the Skagit River Delta (Figure 2), has a 
total of 382 stone, bone, antler and shell artifacts. All the artifacts were collected from the 
surface of the plow zone. Most of the artifacts are in good condition, and some show 
minimal damage from past plowing practices. The artifacts in the LSRDSC are consistent 
with the culture history types described as part of the Marpole Phase dating 2400 cal B.P. 
to 1500 cal B.P. and Late Development Phases dating 1500 cal B.P. to European contact 
(Mattson and Coupland’s 1995).  Their synthesis was drawn from primary sources of 
Borden (1951), Bryan (1955), Carlson (1954), Kidd (1964), and King (1950).  
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Table 1: Assemblage, artifact type counts and occupational times. 
Assemblage Count (all 
artifact types for 
study) 
Occupation Source- 
LSRDSC 382 2400 cal B.P.-  
European Contact  
 
Mattson and 
Coupland’s (1995) 
45SK51 
Mattson (1971) 
582 3500 cal B.P.-  
European Contact 
Borden (1951); 
Carlson (1954); Kidd 
(1964); Bryan 
(1955); King (1950) 
 
45IS2 
Schalk et. al (2010) 
472 1700 cal B.P. – 
250 cal B.P. 
 
Radiocarbon  
45KI23 
Campbell (1981) 
261 1330 cal B.P. – 
 110 cal B.P. 
Radiocarbon 
 
80 
 
 
Figure 1: Location of sites in Puget Sound Lowland. Base map provided by DAHP 
(accessed 2017). 
 
N 
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Figure 2: Location of LSRDSC and 45SK51 (DAHP 2017). 
According to the literature, all the assemblages discussed below are from 
precontact sites (Campbell 1981; Mattson 1971; and Schalk et al. 2010). Excavations 
were well-documented and reported in published thesis and CRM reports. The 
assemblage from 45SK51 is located in a deltaic environment and has a total of 582 stone, 
bone, antler and shell artifacts (Mattson 1971). This site is a multi-component site that 
exhibits intact deposits dating to within the last 3500 cal B.P. to European contact. 
Mattson (1971) described five cultural phases associated with 45SK51, Skagit Delta 
Phase I through V. He assigned components to these phases by comparing the recovered 
artifacts from subsurface substrates to Borden’s (1951) Locarno Beach Phase, Carlson’s 
(1954) Early Maritime Phase, Kidd’s (1964) Middle Period Phase, and Bryan’s (1955) 
and King’s (1950) San Juan Islands artifact typology.   
The Cama Beach shell midden, 45IS2, has an occupational span with radiocarbon 
dating ranging from 1700 cal B.P. to 250 cal B.P. which is indicative of the Marpole and 
LSRDSC and 
45SK51 
 
      Site Location 
                                N 
LSRDSC and 
45SK51 
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Late Development Phases (Schalk et al. 2010:102). A total of 472 stone, bone and antler 
artifacts is used for this study. Schalk et. al (2010) recorded 10,151 lithic artifacts. A total 
of 9616 debitage, 174 utilized flakes, and 21 non-tool artifacts were not used for this 
research. The 174 utilized flakes were not classified due to the lack of information 
needed for the report for the material dimension. The 21 non-tool artifacts were not used 
because this study did not analyze non-tools. There was a total of 452 modified bone and 
antler and 192 unmodified antler objects recovered from the site. For bone and antler tool 
types, 132 were classified and used for this study. Only one unclassified shell tool artifact 
was described. 
The Duwamish No 1 site, 45KI23, (Campbell 1981) site is a multi-component site 
with radiocarbon dates ranging from 1330 cal B.P. to 110 cal B. P. The culture history 
associated with this site is the Late Development Phase. There was a total of 276 stone, 
bone, antler, and shell artifacts recorded (Campbell 1981:313). For this study, we re-
classified 261 stone, bone, antler, and shell tools. Fifteen of the artifacts were non-tools 
and were not used for this study because non-tools were not represented in this research. 
For this study, (Table 1) the data was generated by analyzing a total of 1697 artifacts 
from the four archaeological assemblages by physical inspection of LSRDSC, literature 
review on Mattson’s (1971) thesis for 45SK51, and the CRM reports for 45IS2 (Schalk et 
al. 2010), and 45KI23 (Campbell 1981).  
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Theory, Method, and Technique  
This study uses an evolutionary archaeological theoretical framework to 
distinguish, identify and define the variables needed to answer the research questions for 
an intra-site comparison between the LSRDSC and Mattson’s sample from 45SK51 and 
the inter-site comparisons with 45IS2 (Schalk et al. 2010) and 45KI23 (Campbell 1981).  
Our approach for comparing the LSRDSC to Mattson’s sample and identifying 
resource intensification is based in evolutionary archaeology theory. This method has 
been an effective way to document changes in the archaeological record (Dunnell 1978a, 
1978b, Kassa and McCutcheon 2016; McCutcheon 1997, O’Brien and Lyman 2000). Past 
research (Campbell 1981, Larson and Lewarch 1995, Thompson 1978) have 
demonstrated that the range of variation of artifact types in tool technologies and function 
associated with the subsistence and settlement shift, which occurred after 4500 cal. B.P. 
in different microenvironments are complex. Specifically, Thompson (1978) who studied 
settlement patterns across the Skagit River Delta and the northern Puget Sound by 
documenting the variation of artifact assemblages from different microenvironments. The 
results of Thompson’s (1978) study showed that there was a range of variation in the 
artifact assemblages because of the selective environmental conditions the sites were 
located in. Evolutionary archaeology theory is appropriate for this study because we use 
variation to focus on answering archaeological questions about artifact assemblages from 
different microenvironments.    
One mechanism for the variation in artifact traits is natural selection where the 
selective conditions of environmental constraints affect how humans create and modify 
the material culture (Dunnell 1978a, 1978b; Parfitt and McCutcheon 2017; O’Brien and 
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Lyman 2000). Evolutionary archaeology is based on the premise that all artifact traits 
have distributions in time and space, and it is the differential persistence of these traits 
that are referred to as replicative success (Leonard and Jones 1987). Replicative success 
is an artifact trait(s) found in the archaeological record that has been replicated more 
often because of the success it conferred to the manufacturer and user under certain 
selective conditions, or the environmental stresses on past people (Leonard and Jones 
1987). The artifacts found in the archaeological record are considered products of 
technology or use and are an active element of the adaptive process of selective 
conditions (O’Brien and Lyman 2000:7).  
Archaeological questions are answered by defining the set of units in which the 
variation in artifact populations can to be measured empirically (O’Brien and Lyman 
2000). This study draws broadly from the literature to identify the range of artifacts 
associated with the settlement and subsistence shift as evidence of resource 
intensification in the Puget Sound Lowland (Ames and Maschner 1999; C. Ames 2010; 
K. Ames 1994; Butler and Campbell 2004; Draper 1988; Mattson and Coupland 1995; 
Moss 2011).  
The purpose of this study is to determine if the surface collection, the LSRDSC, is 
a random sample of 45SK51 and does it have the data potential to be used in a modern 
research context. The first research question is how does the LSRDSC compare to the 
excavated site 45SK51? Mattson’s (1971) published thesis was used to determine what 
the variables are to answer how LSRDSC compares the excavated site. Mattson (1971) 
recorded all the artifacts recovered from the excavated site 45SK51. This report described 
the type of artifact, artifact technology, which component the artifact was recovered, and 
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then assigns it to cultural history type. Additionally, photos of all the artifacts and 
drawings of the stratigraphic profiles were included in Mattson’s (1971) report. If the 
surface collection and the excavated site is comparable, then the data from the surface 
collection and the second question can be implemented.     
The second research question is, does the LSRDSC exhibit evidence of resource 
intensification? The beginning of the Developed Northwest Coast Pattern, at 4500 cal 
B.P., was when past populations began the settlement and subsistence shift to coastal 
adaptations (Ames and Maschner 1999; Mattson and Coupland 1995). This adaptation is 
when the phenomena of resource intensification became evident through the changes in 
tool technologies in the archaeological record.  
Technique: Measuring the Variation 
Our technique employs a paradigmatic classification as it provides mutually 
exclusive units of analysis, which maintain levels of comparability necessary for the 
intra- and inter-site comparisons (Dunnell 1971; O’Brien and Lyman 2000). There has 
been a long and successful history of Pacific Northwest researchers using paradigmatic 
classification to document the variation in artifact form, technology, and function of stone 
and bone (Campbell 1981; Dampf 2002; Dancey 1969; Dunnell and Campbell 1977; 
Dunnell and Lewarch 1974; Ferry 2015; Kassa and McCutcheon 2016; Larson and 
Lewarch 1995; Lewis 2015; Thompson 1978; and Vaughn 2010).  
In the following artifact type variation in tool technology and function is the 
evidence to test hypotheses regarding resource intensification and selective condition 
differentials noted above. Once the artifacts are classified in the same manner across each 
assemblage they can be compared across microenvironmental settings in the Puget 
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Lowlands, which has been at the heart of all evolutionary archaeology approaches in the 
region (e.g.; Campbell 1981; Dancey 1973; Lewarch and Dunnell 1974;  Larson and 
Lewarch 1995; Thomson 1978).   
The “Artifact Type Paradigmatic” classification in Table 2 was built from the 
artifact tool types described from the literature review with some additions. These artifact 
types are associated with the subsistence and settlement shift. The paradigm is also 
comparable to the artifact types in Mattson’s (1971) report. This paradigm defines the 
variation of artifacts types we would expect to see for resource intensification. 
Additionally, the paradigm defines the types of artifacts Mattson (1971) recovered from 
the excavated site 45SK51. The material type dimension and modes were adopted from 
the same materials Mattson (1971) described in his report. Mattson defined the materials 
based on the Mohs hardness scale, and I further defined the material modes from 
Andrefsky (2005) and Rocks and Minerals Guide (2002). The stone technology 
dimension describes the different techniques used to produce stone artifacts. 
Manufacturing stage dimension has three modes. Objects that are not manufactured as a 
tool, such as cores, would be classified as non-applicable. Preforms are tools in early 
stages of production or reduction and are not the finished form. The last mode, finished 
tool, is the exact meaning, which is an object produced in the finished form. The thermal 
alteration dimension is an addition and draws on the research of McCutcheon (1997), in 
which he defined this dimension to identify selective conditions affecting stone tool heat 
treatment. The non-tool type dimension classifies the rest of the artifacts that are not 
considered as tools. This dimension includes pipes, beads, and ornamentals which are 
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artifacts commonly found in archaeological assemblages during the Late Development 
Phases.  
Table 2: Artifact Type Paradigmatic Classification (Ames and Maschner 1999; 
Andrefsky 2005; Mattson 1971; Mattson and Coupland 1995; Schalk et al. 2010). 
I. Artifact Type- An object formed by human modification (Andrefsky 2005).  
1. Projectile Point- two-sided rock that meets to form a single edge that has been modified on both 
sides from flaking or grinding and has a hafting element present (Andrefsky 2005). 
2. Biface-two-sided rock that meets to form a single edge that has been modified on both sides from 
flaking or grinding with no hafting element (Andrefsky 2005). 
3. Knives- bi-facially flaked or ground tool with a lanceolate shape with parallel lateral margins 
(Andrefsky 2005).  
4. Side Scraper- flaked or ground tool with retouch edge on all lateral sides of an object at an angle of 
60° to 90° (Andrefsky 2005). 
5. End Scraper- flaked or ground tool with “retouch on the distal end. Edge angle at 60° to 90°” 
(Andrefsky 2005: 225). 
6. Scraper- flaked or ground tool with “retouch edge at an angle of 60° to 90°” (Andrefsky 2005: 261). 
7. Graver- flaked or ground tool with two right angles that come together to form a chisel edge 
(Andrefsky 2005). 
8. Net weight/Anchor- flaked and/or ground cobble with two opposite notches on lateral edges 
(Mattson 1971). 
9. Wedges- flaked and/or bifacially ground tool that is elongated, rectangular/bi-convex in cross-
section tapering to a beveled edge at bit (Mattson 1971). 
10. Lance/Dagger- “long, slender, piercing ground tool, no cutting edges, strong point and thinned 
base” (Mattson 1971: 82).   
11. Hand Maul- bell shaped tool formed by percussion and abrasion (Mattson 1971). 
12. Cobble Tools- rock with cortex that has been modified through flaking or abrasion (Mattson 1971: 
Schalk et al. 2010). 
13. Adze- “preform and bifacially ground tool, symmetrical, triangular or rectangular plan view, 
rounded and/or blunt base, tapering or straight sides, beveled to one cutting edge” (Mattson 
1971: 88). 
14. Chisel- ground tool, “rectangular to cylindrical with unifacially ground cutting edge and large flat 
base” (Mattson 1971: 95).  
15. Abraded Stone- a “tabular sandstone usually rectangular and at least two regular parallel surfaces 
in shape that has been bifacially and/or unifacially ground” (Mattson 1971: 97).  
16. Hones- tabular mudstone or sandstone with one or two straight bifacially ground edge (Mattson 
1971).  
17. Hammer/pecking stone- oblong cobble with blunted ends from use (Mattson 1971). 
18. Perforators- bone tool that is unifacially ground with a convex edge, rectangular cross section, and 
no base (Mattson 1971, Schalk et al. 2010).  
19. Core- objects that have been modified through retouch or wear and does not have characteristics of 
flaked or bifacial tools (Andrefsky 2005). 
20. Awls- distal end of the bone tool is abraded to a tapered point or blunt tip and usually has a blunt 
base (Mattson 1971).   
21. Barbed Harpoon- “bifacially ground bone point, barbed on one or both sides, a cylindrical cross 
section of tip and base and rectangular midsection” (Mattson 1971: 109). Approximately 
“one-half of length has long tapering conical base, and the conical tip is less than one-fourth 
of tool” (Mattson 1971: 109).   
22. Harpoon Valve- a bi-pointed bone tool with basil depression forming a bisected cone and a 
variation of tips, point or flat (Mattson 1971). 
23. Bone Point- unbarbed and barbed ground bone tool, bifacial thinning and a strong point on one or 
both ends, rectangular to irregular cross section (Mattson 1971).  
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Table 2: cont.  
24. Points/Needle- abraded bone tool, rectangular cross section, pointed on one or both ends (Mattson 
1971). 
25. Fish Hook- bi-pointed bone splinter with rectangular cross section (Mattson 1971).  
26. Non-Tool Other- artifacts that are not tools. Example: beads, pipes, and ornamentals.  
27. Fragment/Object unknown- fragments of stone, bone, antler, or shell that are unidentifiable.  
28. Scraper/Knife- flaked and/or ground tool lanceolate shape, with parallel lateral margins and edge at 
an angle of 60° to 90° (Andrefsky 2005). 
II. Material Type- materials types are adopted from Adam (2002), Andrefsky (2005), and 
Mattson (1971).   
1. Basalt- fine-grained igneous. Mohs scale 6 (Adam 2002; Andrefsky 2005; Mattson 1971).  
2. Cryptocrystalline- fine-grained aggregate crystals are less than 3µm. Mohs scale 7 (Adam 2002; 
Andrefsky 2005). 
3. Slate- fine-grain, foliated metamorphic rock. Mohs scale 5 (Adam 2002; Andrefsky 2005). 
4. Steatite- soapstone, metamorphic rock, talc-shist. Mohs scale 1 (Adam 2002; Mattson 1971).  
5. Serpentine- fibrous stone, silky or waxy luster. Mohs scale 2-5 (Adam 2002; Mattson 1971). 
6. Nephrite- translucent to opaque mottled stone with dull luster for raw stone and vitreous to greasy 
for polished luster. Mohs scale 6. (Adam 2002; Mattson 1971). 
7. Jadeite- biaxial stone with subvitreous, pearly on cleavages luster. Polished luster is vitreous to 
greasy. Mohs scale 6.5-7 (Adam 2002; Mattson 1971).  
8. Obsidian- igneous volcanic rock. Translucent with vitreous luster. Mohs scale 5-6 (Adam 2002; 
Andrefsky 2005).  
9. Coarse Sandstone- a compacted detrital sediment composed of quartz grains the size of larger sand 
particles (Andrefsky 2005). 
10. Fine Sandstone- a compacted detrital sediment composed of quartz grains the size of smaller sand 
particles (Andrefsky 2005). 
11. Mudstone Concretion- very fine-grained sedimentary rock (Andrefsky 2005).   
12. Bone- modified mammal (Mattson 1971). 
13. Antler- modified mammal (Mattson 1971). 
14. Shell- modified (Mattson 1971). 
15. Other/Unknown- materials unknown and/or other than what is described here.   
III. Stone Technology- specialized technique of stone production or reduction (Andrefsky 
2005). 
0. Non-applicable – non-stone objects 
1. Chipped- Artifacts that were formed through percussion and/or pressure flaking (Andrefsky 2005). 
2. Ground- Artifacts that were formed through abrasive action (Andrefsky 2005). 
3. Chipped and ground- Artifacts formed through both percussion and/or pressure flaking and abrasive 
action (Andrefsky 2005). 
IV. Manufacture Stage- stages of production or reduction of an artifact (Andrefsky 2005). 
0. Non-applicable- cores 
1. Preform- stage of production of stone, bone, antler or shell tool before attainment of finished form 
(Andrefsky 2005). 
2. Finished tool- stage of production of stone, bone, antler, or shell tool at completed form. 
V. Thermally Altered (McCutcheon 1997) 
0. No heating (McCutcheon 1997: 247). 
1. Lustrous/Nonlustrous flake scars: object exhibits lustrous flake scars intersecting to nonlustrous 
flake scars (McCutcheon 1997: 247).    
2. Lustrous Flakes scars: lustrous flakes scars only, where the luster is equivalent to that exhibited on 
objects exhibiting mode one above (McCutcheon 1997: 247). 
3. High-Temperature Alteration: object exhibits potliding, crazing, and/or crenulated surfaces (as 
defined in Purdy 1974) (McCutcheon 1997: 247). 
VI. Non-Tool Type 
0. Non-applicable- object that is a tool. For classification purpose.  
1. Pipe- a ground stone object that is straight and cylindrical with a bowl on one end (Mattson 1971).   
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Table 2, cont. 
2. Bead- stone, bone, or shell object that has a hole biconically drilled near or in the center (Mattson 
1971).  
3. Ornament- an object such as a figurine.  
4. Other- object is other than described above. 
 
LSRDSC and Mattson’s sample representativeness 
 The LSRDSC was systematically collected from the surface of the plow zone, and 
every artifact seen on the surface was collected. The smallest recovered artifacts were 
beads at 5-9 mm, and the largest artifact was a net weight/anchor at <100 cm.  The 
artifacts from the excavated assemblage at 45SK51 was recovered by depositional units 
or components defined by Mattson (1971)), and excavated material was hand sorted. No 
screens were used for excavation.  
Plow-zone dynamics have been studied in detail elsewhere where it was found 
that each time the land is tilled, a random sample of the archaeological record contained 
in the plow zone is represented on the surface (Dunnell 1988: Dunnell and Simek 1995; 
McCutcheon 1997). However, low visibility due to vegetation or surface disturbance 
(weed removal/cultivating) can cause implications of sample size, and in these 
circumstances, multiple collections are required over the same area for a representative 
sample (Dunnell 1988). The soil for the Skagit Delta is fine grain, mainly silt, and the 
surface was absent of vegetation when the surface was walked, and artifacts were picked 
up.  
Resampling for Representativeness  
Rather than assuming population characteristics for statistical comparisons of 
sample data, recent efforts have focused on evaluating sample representativeness based 
on the characteristics of the samples themselves (McCutcheon 1997; Mooney and Duvall 
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1993). To evaluate sample representativeness, we used a program called Resampler 
(Mohr et al. 2002), which has been employed in a number of studies recently (Kassa and 
McCutcheon 2016; Lewis 2015; Vaughn 2010). The resampler is a statistical program 
that uses the bootstrapping technique to graphically display the representativeness of each 
sample using incremental sampling with replacement, which means that successively 
larger random increments are drawn from the sample (e.g., 5, 10, 15, 20, etc) and the 
number of types in those increments are plotted.  As the sample gets larger the shape of 
the distribution reaches an asymptote if the sample is representative.  
Vaughn (2010) established three ranked frequency criteria using the graphs from 
the program (Figure 3 and 4). Rank 1 is an asymptotic curve where the slope reaches zero 
before 75% of the sample size is used when resampled. Rank 1 curves are considered 
representative. Rank 2, is an asymptotic curve where the slope reaches zero after 75% of 
the sample size is reached. These samples are considered suggestive in 
representativeness. Rank 3 curves are not asymptotic, but linear, and the samples are 
considered not represented. (Vaughn 2010). Richness and evenness of sample frequencies 
for classificatory dimensions drive the results of resampling analysis.  Where sample 
frequencies are very rich (e.g., lots of types present) and/or very uneven (e.g., large 
variation in frequencies across types), sample representativeness is lacking and 
classificatory dimensions may need to be collapsed or combined.  Resampling results that 
rank 1 and 2 were used in statistical comparisons.   
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Figure 3: Hypothetical Distributions Representing Rank 1, 2, and 3 Resampling Curves 
(Kassa and McCutcheon 2016). 
 
Figure 4: A Representation of Hypothetical Rank 1, 2, and 3 Resampling Curves (Kassa 
and McCutcheon 2016). 
Statistical Analysis 
Once dimensions were evaluated for representativeness, a step-wise statistical 
approach was employed to compare the surface collection and excavated sample from 
45SK51, and then again in the 45IS2, and 45KI23 inter-site comparisons. The analysis 
seeks to test the null hypothesis (𝐻0): that the relative frequencies of artifact classes from 
LSRDSC are not similar to Mattson’s (1971) excavated sample from 45SK51. The 
hypothesis was tested by using Brainerd and Robinson Coefficient Agreement for 
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similarities with a p value of p=.005. If the null hypothesis is rejected than the surface 
collection can be subsequently used in the inter-site comparisons.  
Brainerd and Robinson Coefficient Agreement 
Brainerd and Robinson Coefficient Agreement (B&R) is a non-parametric 
statistical comparison technique that measures the similarities between classes or types 
using percentage distributions (Brainard 1951; Robinson 1951). Other researchers have 
used this technique for measuring similarity in frequency seriation, artifact types across 
space, and chronological ordering of inter-sites across space (Cowgill 1990; Lipo et al. 
2015; Peeples 2011; Thompson1978). Formally, this is expressed as   𝑆 = 200 −
∑ 𝑝𝑖𝐴−𝑃𝑖𝐵 ]
𝑁
𝑖=1[  “where S is similarity, i represents the variables, (the artifacts), PiA is the 
percentage of artifacts types in each technology class being measured from sample A, and 
PiB represents the same artifact type being compared from sample B” (Peeples 2011:1). 
This equation provides a “score of similarity from 0 to 200, where 200 is 100% of 
similarity between class proportions and 0 is no similarity at all” (Cowgill 1990:513; 
Peeples 2011:1). This method of statistical analysis is appropriate because we are 
comparing proportional frequencies from a variety of depositional (surface and 
excavated) contexts to see if they are similar in artifact variation. We also chose this 
method because it is robust in that it can compare represented classes with large and 
small sample sizes.  
The Monte Carlo simulation technique was used to generate a sampling 
distribution. The principle assumption here is that a simulation can be run 1000 times to 
determine the probability of acquiring a particular Brainerd and Robinson coefficient. 
The simulation uses the sample frequencies and creates a sampling distribution that the 
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B&R score can be compared to and by doing so allows a significance value to be used to 
either reject or accept a particular B&R score (Mooney 1997). The Monte Carlo 
simulation will “determine if the similarity scores were statistically significant or by 
chance, which would indicate a sampling error” (Peeples 2011:3). Dr. John Bowen of the 
Geography Department at CWU created the program in Excel’s Visual Basic. This 
program took the two samples being compared for similarity and combined them into one 
sample. After the samples are pooled together, then the two samples were separated again 
at random for comparison. Then the program randomly distributed proportions of the 
samples to the classes that were represented by the dimension that is being compared. For 
example, if there are ten artifact type classes that represent chipped stone technology, the 
program filled each class a proportional amount. The program then compares both 
samples for similarity and generates a B&R score each time this random sample test is 
done. For this study, we ran the simulation to produce a 1000 random sample test from 
the two samples being compared. According to Peeples (2011:4), the “proportion of B&R 
scores from the random sample that produced scores of equal or less value than the actual 
B&R score indicates the probability that an observed B&R score may be due to sampling 
error.” The probability values are expressed as 0 to 1. As an example, a probability value 
of p=0.005 means out of a 1000 random sample test runs, 5 runs resulted in a B&R score 
that was equal to or below the actual B&R score. A low “probability value like 0, 
indicates the samples being compared, or the observed B&R score generated was not due 
to a sampling error” (Peeples 2011:4). In this manner, working with representative 
sample frequencies, we can be relatively sure about conclusions that are drawn from our 
statistical analysis. 
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Analysis for 45SK51 
The artifact type paradigmatic classification generates a potential of 100,800 
classes, classification of all 45SK51 artifacts generated 121 filled classes for the 
LSRDSC and 89 filled classes from Mattson’s (1971) excavated sample. For LSRDSC, 
20% of the 121 filled classes have more than four observed artifacts. The greatest number 
of artifacts observed are the chipped stone projectile point, finished tool, made from 
basalt at 8.5%. The next largest number of artifacts observed is the ground stone adze, 
finished tool, made from nephrite at 6.5%. Finally, the next artifacts are ground stone 
projectile point, finished tool, made from slate observed at 6% of the total filled classes.     
Out of 89 filled classes, Mattson’s (1971) sample has 31% with more than four 
observed artifacts. The largest filled classes for artifacts observed are bone points at 15% 
and awls at 11.5%. The next largest filled class for artifacts are the chipped stone 
projectile point, finished tool, made from basalt at 8.8%, followed by, ground stone adze, 
finished tool, made from nephrite and serpentine at 5%. The next filled class for artifacts 
is the ground stone projectile point, finished tool, made from slate observed at 4.8%.     
Both assemblages have a relatively low number of filled classes with more than 
four artifacts. When comparing the richness between assemblages, the LSRDSC has the 
larger number of classes filled at 121. The larger amount of filled classes, or artifact 
variation, from the LSRDSC, is likely tied to the nature of the surface collection.  The 
LSRDSC is richer because its artifacts were drawn from the entire site, whereas the 
Mattson (1971) excavated sample was limited to two sub-surface excavation trenches. 
When comparing the two assemblages for evenness, apart from the bone artifacts for 
Mattson’s (1971) sample, both assemblages compare relatively the same for 
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chipped/ground stone projectile points and adzes. Mattson’s sample has 30% of bone and 
antler artifacts and 10% for the LSRDSC. The lack of perishable artifacts in the LSRDSC 
is probably due to preservation issues caused by post-depositional processes of the 
plowzone.   
The data from the dimensions for the Artifact Type Paradigm were resampled for 
representativeness for both the LSRDSC and Mattson’s (1971) sample. The dimensions 
(Table 3) that displayed representativeness from the Artifact Type Paradigm are Material 
Type, Stone Technology, and Manufacturing Stage. The dimensions Thermally Altered 
for both collections and the Non-tool for the surface collection were unrepresentative 
when resampled. These dimensions were not included in the statistical analysis and 
comparisons.  
Table 3: LSRDSC and Mattson (1971) dimensions of representativeness from artifact 
type paradigm. 
 LSRDSC (n=382) Mattson (n=582) 
Dimension  Rank Rank 
I Tool Type 3 3 
II Material Type 2 1 
III Stone Technology 1 1 
IV Manufacturing Stage 1 1 
V Thermal Altered 3 3 
VI Non-Tool 3 2 
 
To further investigate tool technology the dimension Tool Types, was aggregated 
into chipped stone tools, ground stone tools, bone and antler tools, shell tools, and 
fragment/unknown objects for both collections. While using the more resolved Tool Type 
dimension would be preferred, samples sizes are not sufficient to make thoughtful 
statistical comparisons. Instead, using Tool Technology classes that other researchers 
have identified as the tool technologies found in artifact assemblages associated with the 
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mid-Holocene Epoch settlement and subsistence shift were used for this study (C. Ames 
et al. 2010; K. Ames 1994; Butler and Campbell 2004; Campbell 1981; Dinwiddie 2014; 
Lewarch and Dunnell 1974; Matson and Coupland 1995; Moss et al. 1990; Schalk 1981; 
Schalk et al. 2010). Additionally, Material Type and Manufacturing Stage dimensions 
were included in this study because of the sample representativeness. These two 
dimensions gave the opportunity to compare raw materials across sites and assess if there 
were different stages of tool manufacturing activities at 45SK51. The classes used for this 
study are shown in Table 4. Although shell tool technology is identified by other 
researchers as associated with the subsistence and settlement shift, this class was not used 
in this study because of the low sample size. The resampling of the tool technology 
classes, material type, and manufacturing stage was represented by rich and even/uneven 
distributions.   
Table 4: LSRDSC and Mattson Technology classes sample representativeness. 
 LSRDSC (n=382) Mattson (n=582) 
Classes Rank Rank 
Chipped Stone Tools 2 2 
Ground Stone Tools 2 2 
Bone and Antler Tools 2 2 
Shell Tools N/A 1 sample N/A 2 Samples 
Fragment/Unknown Objects 2 2 
II Material Type 2 1 
IV Manufacturing Stage  1 1 
 
Tool technology classes and counts are shown in Table 5 are generated by the 
artifact tool types or material dimensions defined by the artifact type paradigmatic 
classification for all the assemblages. The data for the relative frequencies and 
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proportions for each tool technology class are located in Appendix A, Tables A1 through 
A6.  
Table 5: Tool Technology classes, counts, and percent observed for LSRDSC and 
45SK51. 
Tool Technology Classes LSRDSC 
Count 
%  
(n=382) 
Mattson (1971) 
Count 
% 
(n=582) 
Chipped Stone  67 17.5 100 17.2 
Ground Stone 229 59.9 229 39.3 
Bone and Antler 32 8.4 193 33.2 
Shell Tool 1 0.3 2 0.3 
Fragment/Unknown Object 40 10.5 34 5.8 
Material 382 100 582 100 
Manufacture Stage 382 100 582 100 
 
Intra-Site Comparison 
B&R Scores for LSRDSC and Mattson’s Sample 
Brainerd and Robinson’s Coefficient of Similarity (B&R) was used to compare 
the similarities between the LSRDSC and Mattson’s sample for the intra-site comparison. 
The B&R test generates a score, 0-200, by comparing the proportions of each artifact 
type from each tool class from sample A and sample B. After the B&R scores had been 
generated for each class, I tested each score for sampling errors using the Monte Carlo 
simulation that generated the p-value. For this study, any p-value that is greater than 
0.005 is considered not to be statistically insignificant, meaning that the observed B&R 
coefficient could be due to sampling error. Alternatively, where the sample sizes are 
sufficient a p-value equal to or less than 0.005 is considered statistically significant.   
Table 6 shows the B&R scores and probability values (p values) from the relative 
frequencies for the Tool Technology Classes measured between LSRDSC and Mattson’s 
sample. The B&R scores for Chipped Stone, Ground Stone, Bone and Antler, Material 
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and Manufacturing Stage show a similarity of more than 50% between the LSRDSC and 
Mattson’s sample. The Fragment/Unknown Object class generated a B&R score of 80.29, 
which is below 50% of similarity. There is no B&R score for Shell Tool because of the 
low sample size in both populations. The p-value for all classes is 0 which indicates that 
the B&R scores were not due to sampling errors.   
The B&R score generated for the chipped stone tool technology is 144.36. The 
artifact type that has a relatively similar and highest proportion between both 
assemblages is the projectile point, LSRDSC is at 50.7% and 60% for Mattson’s sample 
for a difference of 9.3%. Most of the filled class relative frequencies are similar between 
the two samples, ranging within a 6% difference between both assemblages. Not all of 
the artifact type classes are filled for both assemblages. Both assemblages have 73% 
represented for the 11 artifact types that make up the chipped stone tool class. The 
differences in richness exist between the samples, where the LSRDSC sample has three 
empty classes that were filled with the Mattson sample, and the Mattson sample has three 
empty classes that were filled with the LSRDSC sample. The similarities in relative 
proportions for the projectile points and the low range in proportional differences 
between the artifact types when comparing the two samples are what is contributing to 
the higher B&R score for the chipped stone tool technology classes.  
The ground stone tool class has a B&R score of 162.45. Of the filled classes in 
both samples, projectile point, adze and abraded stone classes are represented by 10% or 
more of the assemblage from each sample.  For instance, the adze ground stone tool class 
is at 48.5% for LSRDSC and 37.1% for Mattson’s sample. The projectile point class is at 
13.1% for LSRDSC and 21% for Mattson’s sample, and the abraded stone class is 10% 
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for each sample.  The Mattson sample also has ground stone knives class at 10%.  Further 
differences in richness exist between the samples, where the LSRDSC sample has three 
empty classes that were filled with the Mattson sample, and the Mattson sample has five 
empty classes that were filled with the LSRDSC sample. Many of the filled class relative 
frequencies were very similar between the two samples and likely contributed to the 
overall higher B&R score, despite double-digit differences in the most populated filled 
classes, meaning that the relative proportions were more often similar than different. 
The B&R score for the bone and antler tool technology class is 127.98. The 
artifact type that has a relatively similar and highest proportion between both 
assemblages is the bone point, the LSRDSC has 43.8%, and Mattson’s sample has 46.6%. 
Out of 9 artifact type classes, most of the filled class relative frequencies range within a 
10% difference between both assemblages. The largest difference in relative frequency is 
the awls where LSRDSC has 6.3%, and Mattson’s sample has 36.3% for a difference of 
30%.  Another difference in richness is the artifact type classes filled between the two 
samples. The LSRDSC has seven out of nine classes filled, and Mattson’s sample has all 
nine of the classes filled. The factors contributing to the B&R score are bone points 
having the highest relative proportion. Another contributing factor is the low range 
differences of the relative frequencies for the artifact type classes between both 
assemblages.  
The fragment/unknown technology class is classified by material types and has a 
B&R score of 80.29. All of the material classes are filled for the LSRDSC, and three out 
of nine classes are not filled for Mattson’s sample. Comparatively, both assemblages 
have uneven distributions in proportions. The largest difference in relative frequency is 
100 
 
bone where LSRDSC has 15%, and Mattson has 58.8% for a difference of 43.8%.  
Another example of differences in material class proportions is slate where the LSRDSC 
has 35% and 14.7% for Mattson with a difference of 20.3%. The large differences in 
relative proportions and not having all of the classes filled for Mattson’s sample is 
contributing to the low B&R score.   
The next B&R score for similarity is material type at 130.3. Not all of the material 
type classes are filled for the LSRDSC. Out of 15 material types, obsidian is not 
represented for LSRDSC, whereas Mattson's sample represents 100% of the categories. 
The observed relative frequencies show that there are similar proportions of all the 
material classes except slate and bone. The range between both samples for the material 
types filled is 7%. The variation in observed relative frequency for the slate material for 
the LSRDSC is 24.6% and 8.9% for Mattson for a difference of 15.7%. Another 
difference in material type is bone at 8.6% for LSRDSC and 33.2% for Mattson for a 
difference of 24.6%. The B&R score is due to most of the material type classes filled and 
from the similar proportions between both samples.   
The highest B&R score for similarity is the manufacture stage class at 173.72. All 
three of the classes are filled with both samples, and the frequencies are relatively similar. 
The two classes with similar proportions are non-applicable/other and finished tool. For 
the LSRDSC the frequency for non-applicable is 7.6% and 8.8% for Mattson for a 
difference of 1.2%. The largest proportion is finished tool class which has 76.2% for 
LSRDSC and 88.1% for Mattson. However, the largest difference in proportions is the 
preform class, which has an uneven distribution of 16.2% for LSRDSC and 3.1% for 
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Mattson for a difference of 13.1%.  The high B&R score for this class is driven by all the 
classes are filled, and there are similar proportions for two of the three classes.   
Table 6: Brainerd and Robinson scores and p values for LSRDSC and Mattson’s sample. 
Tool Technology Classes B&R Score  
 
p-value 
(p=.005 statistically 
significant) 
Chipped Stone 144.36 0 
Ground Stone 162.45 0 
Bone and Antler 127.98 0 
Shell Tool 0  
Fragment/Unknown Object 80.29 0 
Material 130.3 0 
Manufacture Stage 173.72 0 
 
Both assemblages are relatively similar when comparing proportions and relative 
frequencies for artifact and material types in each tool technology class except for the 
fragment/unknown class. The similarities are because the relative frequencies show the 
artifact and material types have comparatively similar and large proportions for the 
chipped stone, ground stone, bone and antler, and manufacturing stage classes. The low 
B&R score for the fragment/unknown class is because of the uneven distributions 
between the material types, specifically, the bone and slate material. The results 
discussed above show that I was able to generate data from the LSRDSC for the intra-site 
comparison and is relatively similar to Mattson’s excavated sample from 45SK51. The 
next step to achieving my objectives for this study is the inter-site comparison to 45IS2 
and 45KI23.   
Inter-site Comparison 
For the inter-site comparisons, the same process was used for the LSRDSC intra-
site comparison for classifying 45IS2 and 45KI23 from the Artifact Type paradigmatic 
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classification and generating the Tool Technology classes. We also used the same tool 
technology classes and resampled 45IS2 and 45KI23 for representativeness. Classifying 
the artifacts from 45IS2 generated a total of 52 filled classes and 29 filled classes for 
45KI23. For 45IS2, 44% of the total 52 filled classes had more than four observed 
artifacts. The largest number of artifacts observed are bone wedges, a finished tool at 
14% of the total artifact count. The next largest number of artifacts observed are bone 
points that are finished tools at 9%. The chipped and ground stone cobble finished tools 
of unknown/other material and chipped stone finished knives made from 
cryptocrystalline are at 7% for each artifact class. Observed artifacts that make up 6% of 
each class are finished ground stone adzes made from nephrite, abraded stones made 
from fine sandstone, and ground stone cobble tools. The next artifacts observed are 
chipped stone, cryptocrystalline bifaces at 5%. The artifacts observed at 4% for each 
class are: finished chipped stone basalt scrapers, chipped stone cobble finished tools 
made from basalt and finished hammer/pecking stone made from the unknown/other 
material. The last observed artifacts that make up 3% are ground stone, 
fragment/unknown made from the slate material. The assemblage 45IS2 is high in 
richness, a lot of filled classes, and with uneven distributions. These results are consistent 
with the sampling representativeness ranking 2 for most of the dimensions (Table 7).  
Out of 29 filled classes, 45KI23 has 52% with more than four observed artifacts. 
The largest filled class for artifacts observed are bone points at 23% of the total artifact 
count. The next largest number of artifacts observed are harpoon valves at 11%. The 
artifacts observed at 10% for each class are: finished antler wedges, finished awls, and 
finished ground stone hand mauls made from basalt. The artifacts observed at 5% for 
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each class are: finished bone wedges and finished chipped stone knives made from 
cryptocrystalline. The next artifact observed at 4% is a finished end scraper made from 
cryptocrystalline. The artifacts that make up 3% for each class are: finished chipped stone 
projectile points made from cryptocrystalline, finished chipped stone biface made from 
basalt, and finished ground stone adze made from nephrite. This assemblage does not 
have as many filled classes as 45IS2, but is high in richness and has relatively more even 
distributions than 45IS2. The results described here are consistent with the sampling 
representativeness classes that ranked 1 for most of the dimensions (Table 7).  
Table 7: 45IS2 and 45KI23 technology classes sample representativeness. 
 45IS2 (n=472) 45KI23 (n=261) 
Classes Rank Rank 
Chipped Stone Tools 2 1 
Ground Stone Tools 1 1 
Bone and Antler Tools 2 1 
Shell Tools N/A  N/A  
Fragment/Unknown Objects 2 2 
II Material Type 2 1 
   
 
Table 8 shows all frequencies for total artifact counts and percentages of tool 
technology classes used to compare LSRDSC, 45IS2, and 45KI23. The observed relative 
frequencies of tool technology and material classes for LSRDSC, 45IS2, and 45KI23 
assemblages are described in Appendix A, Tables A7 through A11. The Shell Tool class 
was not tested for similarity for any assemblage because of insufficient sample sizes.  
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Table 8: Tool technology classes, counts, and percent observed for LSRDSC, 45SK51 
assemblage, 45IS2, and 45KI23. 
Tool Technology 
Classes 
LSRDSC 45IS2 45KI23 
count % 
n=382 
count % 
n=472 
count % 
n=261 
Chipped Stone 67 17.5 143 30.3 76 29.1 
Ground Stone 229 59.9 191 40.5 8 3.1 
Bone and Antler 32 8.4 123 26.1 173 66.3 
Shell Tool 1 .3 1 .2 0 0 
Fragment/Unknown 
Object 
40 10.5 12 2.5 4 1.5 
Material 382 100 472 100 261 100 
 
B&R Scores for LSRDSC and 45IS2 and 45KI23 
The following results are for comparing the B&R scores for the LSRDSC to 
45IS2 and 45KI23 (Table 9). All the B&R scores for 45IS2 are below 50% except for 
chipped stone and bone and antler technologies. Not all of the artifact and material types 
are represented for both assemblages for tool technology classes, and relative frequencies 
have uneven distributions. For the chipped stone technology, out of 13 artifact types, the 
LSRDSC have eight artifact types represented, and 45IS2 have ten types represented. The 
largest proportion for the LSRDSC is the projectile point at 50.7% and 18.2% for 45IS2 
for a difference of 32.5%. The LSRDSC has 15 out of 18 artifact types represented for 
ground stone technology, and 45IS2 has 9. The largest difference in frequencies is cobble 
tools for 45IS2 at 40.1% and 0.4% for LSRDSC for a 39.7% difference between 
proportions. For the bone and antler tool class, the largest observed frequency for 45IS2 
is the wedge at 54.5% and only 15.6% for LSRDSC. Out of 15 material types for the 
fragment/unknown class, only two material types are not represented for LSRDSC 
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compared to 14 material types not represented for 45IS2. Finally, for material class, the 
largest difference in observed frequency slate at 24.6% for LSRDSC and 3.6% for 45IS2 
for a difference of 21%. The artifact types with relatively similar proportions for chipped 
stone technology for the LSRDSC are scrapers at 13.4% and 14.7% for 45IS2. For bone 
and antler class, both assemblages have relatively the same proportions for bone points; 
the LSRDSC has 43.8%, and 45IS2 has 33.3%. There are also similar artifact types that 
are not represented for both assemblages which are the chisel and fish hook. Another 
example of similarity is the fragment/unknown object class where the slate was the 
highest percentage and relatively even for LSRDSC and 45IS2.  
When comparing the LSRDSC to 45KI23, all of the B&R scores are more than 
50% similar except for fragment/unknown and material classes (Table 10). These scores 
are because not all of the artifact and material types are represented in the tool classes, 
and there are uneven distributions for both assemblages. The largest differences that are 
driving the B&R scores are as follows. For the chipped stone tool class, out of 13 artifact 
types, LSRDSC has eight artifact types represented compared to 45KI23 with four 
artifact types. The artifact type with the largest uneven distribution for this class are 
knives, where LSRDSC has 6% compared to 26.3% for 45KI23 a difference of 20.3%. 
There are 18 artifact types that make up the ground stone tool class. The LSRDSC has 15 
artifact types represented compared to 45KI23 only having two artifact types represented. 
The largest proportional differences for the bone and antler tool class are wedges. The 
LSRDSC has 15.6% compared to 24.7% for 45KI23 a 9.1% difference. There are of 15 
material types that make up the material class. Out of the 15 material types, the LSRDSC 
has13 types represented compared to only four for 45KI23. The artifact types with similar 
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proportions for the chipped stone tool technology class are projectile points at 50.7% for 
LSRDSC and 47.4% for 45KI23. There are also similar proportions for bifaces at 9% for 
LSRDSC and 10.5% for 45KI23. For ground stone technology, the B&R score more than 
50% is due to more artifact types not being represented and with very low artifact type 
proportions with LSRDSC. For instance, 45KI23 only has two artifact types represented 
for this tool class. When comparing the bone and antler tool technology, the LSRDSC 
and have relatively similar proportions with bone points, and similar artifact types are 
unrepresented for LSRDSC. The relative frequency for bone points is 43.8% for 
LSRDSC and 37.6% for 45KI23. The similar artifact types that are not represented are 
biface, chisel, and the fish hook. 
Table 9: Brainerd and Robinson scores and p-values for LSRDSC compared to 45IS2, 
and 45KI23. 
Tool Technology 
Classes 
45IS2 
B&R Score 
 
45KI23 
B&R Score 
 
p-value 
 
Chipped Stone 103.83 130.56 0 
Ground Stone 70.51 100.44 0 
Bone and Antler 119.05 143.89 0 
Shell Tool 0 0  
Fragment/Unknown 
Object 
70 35 0 
Material 89.24 71.2 0 
    
 
Discussion 
We sought to answer if a surface collection has the data potential to answer a 
modern research context question. The opportunity to test the question regarding the data 
potential in surface collections arose with the LSRDSC. We used two research questions 
to guide our efforts. How does the surface collection compare to Mattson’s sample from 
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45SK51? If the surface collection is comparable to Mattson’s sample, then the data from 
the surface collection will be used to answer a modern research question. For this study, 
we seek to answer if there is evidence of resource intensification at 45SK51? 
Comparison between LSRDSC and Mattson’ Sample 
The results discussed above show that there are significant similarities when 
comparing LSRDSC and Mattson’s sample. The B&R results show the LSRDSC is more 
than 50% similar when compared to Mattson’s sample. This is demonstrated by similar 
relative proportions for projectile points, adzes, and material types. One exception in 
similarities is the low proportion of bone material for LSRDSC. The low and uneven 
proportion of bone could be a preservation issue. Another preservation issue could be the 
high variation of material types filled for fragment/unknown object class for LSRDSC.  
The variation of artifact types filled classes for the all the tool technology categories 
range between 73% and 100%. In consideration of the results discussed here, we can 
reject the null hypothesis. By rejecting the null hypothesis, we can say that LSRDSC is a 
random sample of the upper components of the excavated site 45SK51 and the data can 
be used for answering a modern regional research question. So, the question becomes: Is 
there evidence of resource intensification at 45SK51? 
Inter-site comparison between LSRDSC, 45IS2, and 45KI23 
The second part of this study is to compare LSRDSC to 45IS2 and 45KI23 for 
evidence of resource intensification. To assess this, we asked the question: Is the 
LSRDSC similar to 45IS2 and 45KI23 in showing evidence of resource intensification 
based on relative frequencies from the proportions of artifact classes? 
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Artifact variation  
We observed uneven distributions in relative frequencies for artifact types among 
tool technology classes for all three assemblages. However, the variation in artifact type 
distributions is what we would expect to see due to different selective conditions of the 
environment between each of the sites. Each site is located in various micro-
environments. The site 45IS2 is located in a littoral environment, 45KI23 is located in an 
estuarine environment, and the LSRDSC is located in a deltaic environment. Each 
environment had selective and diverse types of resources available for subsistence. These 
selective environmental conditions are apparent in the variation of artifacts used in this 
inter-site comparison.  
Resource intensification 
We built our paradigmatic classification from the artifact types researchers have 
identified as evidence of resource intensification. After we classified the artifacts from 
LSRDSC, Mattson’s sample, 45IS2 and 45KI23, we aggregated the artifact types into 
four tool technology classes: chipped stone, ground stone, bone and antler, and shell. 
Researchers suggest that these technological tool classes are associated with the 
settlement and subsistence shift (C. Ames et al. 2010; K. Ames 1994; Butler and 
Campbell 2004; Campbell 1981; Dinwiddie 2014; Matson and Coupland 1995; Moss et 
al. 1990; Schalk 1981; Schalk et al. 2010). Furthermore, researchers have demonstrated 
from past studies that evidence of resource intensification is indicative of ground stone, 
bone, and antler tools are more abundant in the archaeological record than chipped stone 
tools (C. Ames et al. 2010; Campbell 1981; Dinwiddie 2014; Larson and Lewarch 1995; 
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Schalk 1981; Schalk et al. 2010). For the LSRDSC, the observed relative frequency 
shows that ground stone tools have the largest proportion when compared to the chipped 
stone, bone, antler and shell tool technological classes. The relative frequency for 45IS2 
also shows ground stone tools having largest proportion for the tool technology classes. 
Additionally, the relative frequency for 45KI23 shows that bone and antler tools have the 
largest proportion when compared to the rest of tool technology classes. The results of all 
three assemblages indicate that the tool technologies, ground stone, bone, and antler, are 
more abundant than the chipped stone which is consistent with what researchers say is 
evidence of resource intensification. Based on these result the LSRDSC does show 
evidence of resource intensification.  
Conclusion 
This study gave a unique opportunity to test if a surface collection from a plow 
zone surface has the data potential to answer a modern regional research question. First, 
we were able to compare a surface collection to an excavated site to see if the surface 
collection is a random sample of below surface deposits. The results from this study 
suggest we can infer the two assemblages are relatively similar. However, there are some 
exceptions to this inference. The lower components of 45SK51 have artifact types 
associated with the Locarno Beach Phase (Mattson 1971). These artifacts are leaf-shaped 
projectile points and large bilateral and unilateral barbed harpoon points. These artifact 
types were not present in the LSRDSC. It is apparent that even though a surface 
collection has the potential of being a random sample of below surface deposits, the 
sample is the only representative of artifacts deposited in the upper, younger components. 
This being the case, we were able to ask a modern research question regarding evidence 
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of resource intensification at 45SK51. The comparison between the LSRDSC and the two 
inter-sites, 45IS2 and 45KI23, showed dissimilarities in the representativeness of artifact 
types because of selective environmental conditions. However, we were able to 
demonstrate the tool technologies associated with the settlement and subsistence shift are 
congruent with evidence of resource intensification.  
The concept of resource intensification in the Puget Sound Lowland has mainly 
been addressed through traditional methods of data recovery from excavated sites and is 
typically expensive for recovery and research. Furthermore, the Lower Skagit River Delta 
is mainly private-owned agricultural land, and traditional archaeological investigations 
are not a common practice. With surface collections being common in these settings, they 
can serve an alternative way to extract data to answer regional research questions at lower 
costs. 
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APPENDIXES   
Appendix A: Relative Frequencies and Proportions  
LSRDSC and 45SK51 Relative Frequencies 
The Chipped Stone Tool class frequencies are in Table A1.  Table A1 shows for 
LSRDSC, a total of 67 artifacts and a total of 100 artifacts for Mattson’s sample were 
classified as chipped stone technology. Not all of the artifacts were represented for both 
assemblages, and both had uneven distributions for observed relative frequencies. There 
is a total of 73% artifact types represented from both the LSRDSC and Mattson’s 
assemblages. The highest observed frequency in the artifact types is the projectile points 
for both assemblages at 50.7% for LSRDSC and 60% for Mattson’s sample. The largest 
difference for observed relative frequency is the cores at 11.9% for the LSRDSC and zero 
percent for Mattson’s sample.  
Table A1: Chipped Stone Tool class observed frequencies for artifact types for LSRDSC 
and Mattson. 
Artifact Type LSRDSC % Mattson % 
Projectile Point 34 50.7 60 60 
Biface 6 9 0 0 
Knives 4 6 12 12 
Side scraper 0 0 4 4 
End scraper 2 3 4 4 
Scraper 9 13.4 8 8 
Graver 0 0 2 2 
Net Weight/Anchor 3 4.5 6 6 
Wedge 0 0 4 4 
Hammer/pecking stone 1 1.5 0 0 
Core 8 11.9 0 0 
Total 67 100.0 100 100 
 
 For ground stone tool class, a total of 229 artifacts for both the LSRDSC and 
Mattson’s assemblages were classified. Both assemblages had an uneven distribution of 
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artifact types. Out of 18 categories of artifact types, 84% is represented for LSRDSC, and 
72% is represented for 45SK51. The artifacts with similar observed frequencies between 
both samples are abraded stones at 10%, hones at about 7%, hand mauls, and cobble tools 
at .4%. The largest difference in observed frequencies is projectile points. The LSRDSC 
has 13.1%, and Mattson has 21% for a difference of 7.9%.  
Table A2: Ground Stone tool class observed frequencies for artifact types for LSRDSC 
and Mattson. 
Artifact Type LSRDSC % Mattson % 
Projectile Point 30 13.1 48 21.0 
Biface 1 0.4 0 0.0 
Knives 12 5.2 23 10.0 
End scraper 1 0.4 0 0 
Scraper 13 5.7 0 0 
Net weight/Anchor 1 0.4 2 0.9 
Wedge 12 5.2 17 7.4 
Lance/Dagger 0 0 3 1.3 
Hand Maul 1 0.4 1 0.4 
Cobble Tool 1 0.4 1 0.4 
Adze 111 48.5 85 37.1 
Chisel 4 1.7 6 2.6 
Abraded Stone 23 10.0 23 10.0 
Hones 17 7.4 18 7.9 
Hammer/pecking stone 0 0 1 0.4 
Core 0 0 1 0.4 
Points/needles 1 0.4 0 0 
Scraper/knife 1 0.4 0 0 
Total 229 100.0 229 100.0 
  
 Table A3 shows the relative frequencies for bone and antler tools by artifact 
types. For this class, there is a total of 32 artifacts classified for LSRDSC and 193 
artifacts for Mattson. Not all classes were represented for the LSRDSC. Out of nine 
categories of artifact types, 80% were represented, and all the categories for Mattson are 
filled. The most similar observed frequency for artifact types is the bone point, where the 
LSRDSC has 43.8%, and Mattson’s sample has 46.6%. The largest difference in 
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observed frequency is awls at 6.3% for LSRDSC and 36.3% for Mattson for a difference 
of 30%. Another difference in observed frequency is the harpoon valves at 12.5% for 
LSRDSC and .5% for Mattson for a difference of 12%.  
Table A3: Bone and Antler tool class observed frequencies for artifact types for LSRDSC 
and Mattson 
Artifact type LSRDSC % Mattson % 
Wedge 5 15.6 17 8.8 
Lance/Dagger 2 6.3 1 0.5 
Chisel 0 0.0 1 0.5 
Awls 2 6.3 70 36.3 
Barbed Harpoon 3 9.4 2 1.0 
Harpoon Valve 4 12.5 1 0.5 
Bone Point 14 43.8 90 46.6 
Points/needle 2 6.3 6 3.1 
Fish hook 0 0.0 5 2.6 
Total 32 100.0 193 100.0 
 
  The Fragment/unknown object class is classified by material (Table A4). There 
are 40 artifacts for LSRDSC and 34 artifacts classified for Mattson. All of the categories 
were represented for LSRDSC. For Mattson’s sample, out of nine categories, 67% are 
represented. Comparatively, both assemblages have uneven distributions for observed 
relative frequencies. The largest difference is bone where the LSRDSC has 15%, and 
Mattson has 58.8% for a difference of 43.8%. The next largest difference in frequencies 
is slate at 35% for LSRDSC and 14.7% for Mattson with a difference of 20.3%.  
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Table A4: Fragment/Unknown Object class observed frequencies for artifact material 
type for LSRDSC and Mattson 
Material LSRDSC % Mattson % 
Basalt 4 10 0 0.0 
Cryptocrystalline  5 12.5 0 0.0 
Slate 14 35 5 14.7 
Steatite 6 15 0 0.0 
Serpentine 1 2.5 3 8.8 
Nephrite 1 2.5 3 8.8 
Jadeite 1 2.5 2 5.9 
Bone 6 15 20 58.8 
Other/Unknown 2 5 1 2.9 
Total 40 100 34 100.0 
  
 There is a total of 382 artifacts classified for material types for LSRDSC and 582 
artifacts classified for 45SK51 (Table A5). Not all of the material types are represented 
for the LSRDSC. Out of 15 material types, obsidian is not represented for LSRDSC, and 
100% of the categories are represented for Mattson. The assemblages have uneven 
distributions with the largest difference in observed frequencies is bone and slate. The 
frequency observed for bone for LSRDSC is 8.6% and 33.2% for Mattson for a 
difference of 24.6%. The slate material is at 24.6% for LSRDSC and 8.9% for Mattson 
for a difference of 15.7%. The observed frequencies for the rest of the material types 
between assemblages are a relatively similar range within 7%.   
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Table A5: Observed frequencies for Material Type class for LSRDSC and Mattson 
II Material Type LSRDSC % Mattson % 
Basalt 55 14.4 62 10.7 
Cryptocrystalline 22 5.8 27 4.6 
Slate 94 24.6 52 8.9 
Steatite 28 7.3 11 1.9 
Serpentine 23 6.0 55 9.5 
Nephrite 50 13.1 53 9.1 
Jadeite 21 5.5 39 6.7 
Obsidian 0 0 3 0.5 
Coarse Sandstone 7 1.8 6 1.0 
Fine Sandstone 34 8.9 28 4.8 
Mudstone Concretion 4 1.0 15 2.6 
Bone 33 8.6 193 33.2 
Antler 6 1.6 21 3.6 
Shell 2 0.5 7 1.2 
Other/Unknown 3 1.0 10 2.0 
Total 382 100 582 100 
 
Table A6 shows the relative frequencies of artifact counts for manufacturing stage 
categories. A total of 382 artifacts were classified for LSRDSC and were represented for 
all of the categories. There are 582 artifacts classified for Mattson and also was 
represented in all the categories. The frequencies for non-applicable/other and finished 
tool classes are relatively the same. The relative frequency for the preform class has an 
uneven distribution of 16.2% for LSRDSC and 3.1% for Mattson for a difference of 
13.1%.   
Table A6: LSRDSC and Mattson relative frequencies for artifact types for manufacturing 
stage. 
Manufacture Stage LSRDSC % Mattson % 
Non-applicable/Other 29 7.6 51 8.8 
Preform 62 16.2 18 3.1 
Finished Tool 291 76.2 513 88.1 
Total 382 100 582 100 
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Inter-site Comparison  
 Below are the results for the observed relative frequencies for the inter-site 
comparisons between the combined samples of LSRDSC and Mattson’s excavated 
assemblage and the two study areas. These results are described in Tables A7 through 
A11 for 45IS2 and tables A12 through A16 for 45KI23. These results are followed by the 
observed relative frequencies results for the inter-site comparison between the LSRDSC, 
45IS2 and 45KI23 in tables A17 through A21.  
Relative frequencies for the 45SK51 assemblage and 45IS2  
Table A7 shows the relative frequencies for chipped stone technology by artifact 
types. There is a total of 143 artifacts classified for 45IS2 and 167 artifacts classified for 
45SK51 assemblage. Not all of categories are represented for both assemblages. For 
45IS3, 70% of the artifact types were represented and 80% represented for 45SK51 
assemblage. Both assemblages had an uneven distribution of observed frequencies 
between artifact types. The largest differences in proportions for artifact types between 
the two assemblages are projectile points at 38.1%, biface at 17.4%, knives at 13.5%, and 
cobble tools at 11.2%.  
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Table A7: Chipped Stone Technology Class relative frequencies for 45IS2 and 45SK51 
assemblage by Artifact Types. 
Artifact Type 45IS2 % 45SK51 % 
Projectile Point 26 18.2 94 56.3 
Biface 30 21.0 6 3.6 
Knives 33 23.1 16 9.6 
Side scraper 0 0.0 4 2.4 
End scraper 0 0.0 6 3.6 
Scraper 21 14.7 17 10.2 
Graver 0 0.0 2 1.2 
Net weight/Anchor 3 2.1 9 5.4 
Wedge 1 0.7 4 2.4 
Lance/Dagger 1 0.7 0 0.0 
Cobble Tool 16 11.2 0 0.0 
Hammer/pecking stone 0 0.0 1 0.6 
Core 10 7.0 8 4.8 
Scraper/Knife 2 1.4 0 0.0 
Total 143 100.0 167 100.0 
 
 Ground stone technology class consists of a total of 179 artifacts for 45IS2 and 
458 artifacts for 45SK51 assemblage (Table A8). The assemblage 45IS2 did not have 
representation for all of the categories. Only 50% of the artifact types were filled for 
45IS2, and all the artifact types are represented for 45SK51 assemblage. For observed 
frequencies, there is an uneven distribution of both assemblages. Cobble tools have the 
greatest frequency for the difference in proportions observed for 45IS2 at 40.1 and .4 for 
45SK51 assemblage for a difference of 39.7%. Another large difference in proportions 
between assemblages is the adze where the 45SK51 assemblage has 42.8%, and 45IS2 
has 15.5% for a difference of 27.6%.  
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Table A8: Ground Stone Technology Class relative frequencies for 45IS2 and 45SK51 
assemblage by Artifact Types. 
Artifact Type 45IS2 % 45SK51 % 
Projectile Point 3 1.5 78 17.0 
Biface 0 0.0 1 0.2 
Knives 0 0.0 35 7.6 
End scraper 0 0.0 1 0.2 
Scraper 0 0.0 13 2.8 
Net weight/Anchor 2 1.0 3 0.7 
Wedge 0 0.0 29 6.3 
Lance/Dagger 0 0.0 3 0.7 
Hand Maul 2 1.0 2 0.4 
Cobble Tool 79 40.1 2 0.4 
Adzes 30 15.2 196 42.8 
Chisel 0 0.0 10 2.2 
Abraded Stone 28 14.2 46 10.0 
Hones 9 4.6 35 7.6 
Hammer/pecking stone 18 9.1 1 0.2 
Core 0 0.0 1 0.2 
Points/Needles 8 4.1 1 0.2 
Scraper/knife 0 0.0 1 0.2 
Total 179 100.0 458 100.0 
 
The total artifact counts for bone and antler tools are 123 for 45IS2 and 225 for 
45SK52 (Table A9). Not all categories are represented for both assemblages. For 45IS2, 
65% of the artifact types are represented, and 82% of artifact types are represented for 
45SK51 assemblage. There are uneven distributions for both assemblages. The largest 
relative frequencies between uneven proportions for 45IS2 is the wedge at 54.5% and 
9.8% for 45SK52 assemblage for a difference of 44.7%. The next largest frequency for 
uneven proportions are awls, where 45SK51 assemblage has 32%, and 45IS2 has 2.4% 
for a difference of 29.6%.  
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Table A9: Bone and Antler tool class observed frequencies for artifact types for 45IS2 and 
45SK51 assemblage. 
Artifact Type 45IS2 % 45SK51 % 
Biface 1 0.8 0 0.0 
Wedge 67 54.5 22 9.8 
Lance/Dagger 0 0.0 3 1.3 
Chisel 0 0.0 1 0.4 
Perforators 1 0.8 0 0.0 
Awls 3 2.4 72 32.0 
Barbed Harpoon 3 2.4 5 2.2 
Harpoon Valve 7 5.7 5 2.2 
Bone Point 41 33.3 104 46.2 
Points/needles 0 0.0 8 3.6 
Fish hook 0 0.0 5 2.2 
Total 123 100.0 225 100.0 
 
Table A10 shows the relative frequencies for Fragment/Unknown Objects by 
material type for 45IS2 and 45SK51 assemblage. The total artifacts classified for 45IS2 
are 12 and 74 for 45SK51 assemblage. Not all material types are represented for 45IS2, 
and all types are represented for 45SK51. Only one out of 9 material types are 
represented for 45IS2; the only frequency observed for 45IS2 is slate. Both assemblages 
had an uneven distribution of the slate observed frequency. The slate frequency for the 
45SK51 assemblage is at 25.7% and 100% for 45IS2.  
Table A10: Observed frequencies for Fragment/Unknown Objects by material for 45IS2 and 
45SK51 assemblage. 
Material 45IS2 % 45SK51 % 
Basalt 0 0 4 5.4 
Cryptocrystalline 0 0 5 6.8 
Slate 12 100 19 25.7 
Steatite 0 0 6 8.1 
Serpentine 0 0 4 5.4 
Nephrite 0 0 4 5.4 
Jadeite 0 0 3 4.1 
Bone 0 0 26 35.1 
Other/Unknown 0 0 3 4.1 
Total 12 100 74 100.0 
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Total artifact counts for material types relative frequencies are 472 for 45IS2 and 
964 for 45SK51 assemblage (Table A11). Both collections did not have representation in 
all of the categories. For 45IS2, 80% of material categories were represented, and 100% 
categories were represented for 45SK51. There were uneven distributions for both 
assemblages. The greatest difference in observed frequency between assemblages is 
cryptocrystalline at 29.2% for 45IS2 and 5.1% for 45SK51 assemblage for a difference of 
24.1%. The next largest difference in proportion is slate at 15.1% for 45SK51 assemblage 
and 3.6% for 45IS2 for a difference of 11.5%.  
Table A11: Observed relative frequencies for material types for 45IS2 and 45SK51 assemblage.  
Material 45IS2 % 45SK51 % 
Basalt 39 8.3 117 12.1 
Cryptocrystalline 138 29.2 49 5.1 
Slate 17 3.6 146 15.1 
Steatite 0 0.0 39 4.0 
Serpentine 0 0.0 78 8.1 
Nephrite 41 8.7 103 10.7 
Jadeite 0 0.0 60 6.2 
Obsidian 1 0.2 3 0.3 
Coarse Sandstone 2 0.4 13 1.3 
Fine Sandstone 33 7.0 62 6.4 
Mudstone Concretion 6 1.3 19 2.0 
Bone 130 27.5 226 23.4 
Antler 1 0.2 27 2.8 
Shell 1 0.2 9 0.9 
Other/Unknown 63 13.3 13 1.3 
Total 472 100.0 964 100.0 
 
Relative Frequencies for 45SK51 assemblage and 45KI23  
Table A12 shows the relative frequencies for chipped stone technology by artifact 
types. There is a total of 76 artifacts for 45KI23 and 167 artifacts for 45SK51 
assemblage. Not all artifacts types are represented for both assemblages. Only 36% of 
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artifact types are represented for 45KI23, and 100% of the artifact types are represented 
for 45SK51 assemblage. The observed frequencies for artifact types for both assemblages 
are uneven. The largest difference in proportions of artifacts is knives at 26.3% for 
45KI23 and 9.6% for 45KI23 assemblage for a difference of 16.7% difference. The next 
largest difference in proportions for artifact types are end scrapers where 45KI23 has 
15.8%, and 45SK51 assemblage has 3.6% for a difference of 12.2%. 
Table A12: Chipped Stone Technology Class relative frequencies for 45KI23 and 45SK51 
assemblage by artifact types. 
Artifact Type 45KI23 % 45SK51 % 
Projectile Point 36 47.4 94 56.3 
Biface 8 10.5 6 3.6 
Knives 20 26.3 16 9.6 
Side scraper 0 0.0 4 2.4 
End scraper 12 15.8 6 3.6 
Scraper 0 0.0 17 10.2 
Graver 0 0.0 2 1.2 
Net weight/anchor 0 0.0 9 5.4 
Wedge 0 0.0 4 2.4 
Hammer/pecking stone 0 0.0 1 0.6 
Core 0 0.0 8 4.8 
Total 76 100.0 167 100.0 
 
 Total artifact counts for the ground stone technology class are 8 for 45KI23 and 
458 for 45SK51 assemblage (Table A13). Out of 18 artifact categories, only the adzes 
and chisel artifact types are representative for 45KI23. All of the categories for 45SK51 
are represented. There is an uneven distribution of observed frequencies for both 
assemblages. The greatest difference in relative frequency is adzes. The 45SK51 
assemblage has 42.8%, and 45KI23 has 87.5% for a difference of 44.7%. The next largest 
difference in proportions is the chisel where 45KI23 has 12.5%, and 45SK51 assemblage 
has 2.2% for a difference of 10.3%.   
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Table A13: Ground Stone Technology Class relative frequencies for 45KI23 and 45SK51 
assemblage by Artifact Types. 
Artifact Type 45KI23 % 45SK51 % 
Projectile Point 0 0 78 17.0 
Biface 0 0 1 0.2 
Knives 0 0 35 7.6 
End scraper 0 0 1 0.2 
Scraper 0 0 13 2.8 
Net weight/Anchor 0 0 3 0.7 
Wedge 0 0 29 6.3 
Lance/Dagger 0 0 3 0.7 
Hand Maul 0 0 2 0.4 
Cobble Tools 0 0 2 0.4 
Adzes 7 87.5 196 42.8 
Chisel 1 12.5 10 2.2 
Abraded Stone 0 0 46 10.0 
Hones 0 0 35 7.6 
Hammer/pecking stone 0 0 1 0.2 
Core 0 0 1 0.2 
Points/Needle 0 0 1 0.2 
Scraper/knife 0 0 1 0.2 
Total 8 100 458 100.0 
 
 Table A14 shows the observed relative frequencies for bone and antler tool class 
by artifact type. There are a total 173 artifacts classified for 45KI23 and 225 artifacts for 
45SK51 assemblage. Not all artifact types are represented for both assemblages for bone 
and antler tool technology classes, and relative frequencies have uneven distributions. For 
45KI23, 60% categories are represented, and 90% categories are represented for 45SK51 
assemblage.  The largest difference observed for uneven distributions of artifact types are 
awls at 32% for 45SK51assemblage and 16.5% for 45KI23 for a difference of 15.5%. 
The wedge at 24.7% for 45KI23 and 9.8% for 45SK51 assemblage for a difference of 
14.9%. The harpoon valve at 19.4% for 45KI23 and 2.2% for 45SK51 assemblage for a 
difference of 17.2%. The artifact type that has relatively similar frequency is the bone 
point at 37.6% for 45KI23 and 46.2% for 45SK51 assemblage. 
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Table A14: Bone and Antler tool class observed frequencies for artifact types for 45KI23 and 
45SK51 
Artifact Type 45KI23 % 45SK51 % 
Wedge 42 24.7 22 9.8 
Lance/dagger 0 0.0 3 1.3 
Chisel 0 0.0 1 0.4 
Perforator 5 2.9 0 0.0 
Awls 28 16.5 72 32.0 
Barbed harpoon 1 0.6 5 2.2 
Harpoon Valve 33 19.4 5 2.2 
Bone Point 64 37.6 104 46.2 
Points/Needle 0 0.0 8 3.6 
Fish hook 0 0.0 5 2.2 
Total 173 101.8 225 100.0 
 
There is a total of 4 artifacts that represent Fragment/Unknown Objects for 
45KI23 and 74 artifacts for 45SK51 (Table A15). Only 37% of material types are 
represented for 45KI23, and 82% are represented for 45SK51. There is an uneven 
distribution of observed frequencies for both assemblages. The largest difference 
observed frequency is the nephrite at 25% for 45KI23 and 5.4% for 45SK51 assemblage 
for a difference of 19.6%.   
Table A15: Observed frequencies for Fragment/Unknown Objects by material for 45KI23 and 
45SK51 assemblage.  
Material 45KI23 % 45SK51 % 
Basalt 0 0 4 5.4 
Cryptocrystalline  0 0 5 6.8 
Slate 0 0 19 25.7 
Steatite 0 0 6 8.1 
Serpentine 0 0 4 5.4 
Nephrite 1 25 4 5.4 
Jadeite 0 0 3 4.1 
Bone 1 25 26 35.1 
Antler 1 25 0 0.0 
Shell 1 25 0 0.0 
Other/Unknown 0 0 3 4.1 
Total 4 100 74 100.0 
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There is a total of 276 artifacts for 45KI23 and 964 artifacts for 45SK51 
assemblage for the observed relative frequencies for material type (Table A16). Out of 15 
material categories, 54% are represented for 45KI23, and all are represented for 45SK51 
assemblage. For the distributions of observed frequencies in material types, both 
assemblages are uneven. The largest difference in observed frequency is bone and antler. 
The proportion of bone is at 40.6% for 45KI23 and 23.4 for 45SK51 assemblage for a 
difference of 17.2%. The difference in antler is 24.3% for 45KI23 and 2.8% for 45SK51 
assemblage for a difference of 21.5%.  
Table A16: Observed relative frequencies for material for 45KI23 and 45SK51 
assemblage.  
Material 45KI23 % 45SK51 % 
Basalt 42 15.2 117 12.1 
Cryptocrystalline 37 13.4 49 5.1 
Slate 0 0 146 15.1 
Steatite 0 0 39 4.0 
Serpentine 0 0 78 8.1 
Nephrite 12 4.3 103 10.7 
Jadeite 0 0 60 6.2 
Obsidian 0 0 3 0.3 
Coarse Sandstone 0 0 13 1.3 
Fine Sandstone 0 0 62 6.4 
Mudstone Concretion 0 0 19 2.0 
Bone 112 40.6 226 23.4 
Antler 67 24.3 27 2.8 
Shell 5 1.8 9 0.9 
Other/Unknown 1 0.4 13 1.3 
Total 276 100.0 964 100.0 
 
Relative frequencies for LSRDSC, 45IS2, and 45KI23 
 The total artifacts classified for the chipped stone tool technology are 67 for 
LSRDSC, 143 for 45IS2, and 76 for 45KI23 (Table A17). Not all of the artifact and 
material types are represented for all three assemblages for chipped stone tool technology 
classes, and relative frequencies have uneven distributions. Out of thirteen artifact types 
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classified, the LSRDSC has 62%, 45IS2 has 77%, and 45KI23 has 31% represented for 
artifact types. The largest difference observed between proportions for the LSRDSC are 
the projectile point at 50.7% for LSRDSC and 18.2% for 45IS2 for a difference of 32.5%. 
When comparing the LSRDSC to 45KI23, the largest difference is knives at 6% for 
LSRDSC and 26.3% for 45KI23 for a difference of 20.3%. The artifact type that have 
relatively more similar proportions for LSRDSC are the projectile points with 45KI23 at 
a difference of 3.3%.  Another artifact type with similar proportions is the scraper at 
13.4% for LSRDSC and 14.7% for 45IS2 for a difference of 1.3%. 
Table A17: Observed relative frequencies for Chipped Stone technology for LSRDSC, 
45IS2, and 45KI23. 
Artifact Type LSRDSC 45IS2 45KI23 
count % count % count % 
Projectile Point 34 50.7 26 18.2 36 47.4 
Biface 6 9 30 21.0 8 10.5 
Knives 4 6 33 23.1 20 26.3 
End Scraper 2 3 0 0 0 0 
Scraper 9 13.4 21 14.7 0 0 
Graver 0 0 0 0 12 15.8 
Net Weight/Anchor 3 4.5 3 2.1 0 0 
Wedge 0 0 1 .7 0 0 
Lance/Dagger 0 0 1 0.7 0 0 
Cobble Tool 0 0 16 11.2 0 0 
Hammer/pecking 
stone 
1 1.5 0 0 0 0 
Core 8 11.9 10 7 0 0 
Scraper/Knife 0 0 2 1.4 0 0 
Total 67 100 143 100 76 0 
 
 Table A18 shows the relative frequencies for the ground stone tool technology for 
the LSRDSC, 45IS2, and 45KI23. The total artifacts classified for this class are 229 for 
LSRDSC, 179 for 45IS2, and 8 for 45KI23. All the assemblages have artifact types that 
are not represented, and they all have uneven distributions. Out of 18 artifact types, the 
artifact types that are represented are: the LSRDSC has 83%, 45IS2 has 50%, and 45KI23 
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has 11%. The largest difference in observed frequencies for the LSRDSC and 45IS2 are 
the cobble tool, where LSRDSC has .4%, and 45IS2 has 40.1% for a difference of 39.7%. 
For 45KI23, the largest difference is adze at 48.5% for LSRDSC and 87.5% for 45KI23 
for a difference of 39%. The frequency that relatively similar is the abraded stone at 10% 
for LSRDSC and 14.2% for 45IS2 for a difference of 4.2%.   
Table A18: Observed relative frequencies for Ground Stone technology for LSRDSC, 
45IS2, and 45KI23. 
Artifact Type LSRDSC 
 
45IS2 
 
45KI23 
 
count % count % count % 
Projectile Point 30 13.1 3 1.5 0 0 
Biface 1 .4 0 0.0 0 0 
Knives 12 5.2 0 0.0 0 0 
End scraper 1 .4 0 0.0 0 0 
Scraper 13 5.7 0 0.0 0 0 
Net 
weight/Anchor 
1 .4 
2 1.0 0 0 
Wedge 12 5.2 0 0.0 0 0 
Lance/Dagger 0 0 0 0.0 0 0 
Hand Maul 1 .4 2 1.0 0 0 
Cobble Tool 1 .4 79 40.1 0 0 
Adzes 111 48.5 30 15.2 7 87.5 
Chisel 4 1.7 0 0.0 1 12.5 
Abraded Stone 23 10 28 14.2 0 0 
Hones 17 7.4 9 4.6 0 0 
Hammer/pecking 
stone 
0 0 
18 9.1 0 0 
Core 0 0 0 0.0 0 0 
Points/Needles 1 .4 8 4.1 0 0 
Scraper/knife 1 .4 0 0.0 0 0 
Total 229 100 179 100 8 100 
 
 The total artifacts classified for the bone and antler tool technology class are 32 
for LSRDSC, 123 for 45IS2, and 173 for 45KI23. Not all of the 11 artifact types are 
represented for all the assemblages. There are 64% of artifact types represented for 
LSRDSC. For 45IS2, there are 64%, and 45KI23 has 55% for the artifact types that are 
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represented in the classification. There are uneven distributions observed for all three 
assemblages.  The largest difference in observed frequencies is the wedge where the 
LSRDSC has 15.6%, and 45IS2 has 54.5% for a difference of 38.9%. For 45KI23, the 
largest difference in observed frequency is awls at 16.5% and 6.3% for LSRDSC for a 
difference of 10.2%. Frequencies that have similar and the largest proportions in artifact 
types are the bone points. The LSRDSC has 43.8% compared to 33.3% for 45IS2, and 
37.6% for 45KI23. There are also similar artifact types that are not represented for the 
samples. Such as, there are no classes filled for fish hook, and chisels for all three 
samples and no biface for the LSRDSC and 45KI23.   
Table A19: Observed relative frequencies for Bone and Antler Tool technology for 
LSRDSC, 45IS2, and 45KI23. 
Artifact Type LSRDSC 45IS2 
 
45KI23 
count % count % count % 
Biface 0 0 1 0.8 0 0 
Wedge 5 15.6 67 54.5 42 24.7 
Lance/Dagger 2 6.3 0 0.0 0 0 
Chisel 0 0 0 0.0 0 0 
Perforators 0 0 1 0.8 5 2.9 
Awls 2 6.3 3 2.4 28 16.5 
Barbed 
Harpoon 
3 9.4 3 2.4 1 .6 
Harpoon 
Valve 
4 12.5 7 5.7 33 19.4 
Bone Point 14 43.8 41 33.3 64 37.6 
Points/needles 2 6.3 0 0.0 0 0 
Fish hook 0 0 0 0.0 0 0 
Total 32 100 123 100 173 100 
 
 The fragment/unknown object class is classified by material types (Table A20). 
The total artifacts classified for the fragment/unknown object class are 40 for LSRDSC, 
12 for 45IS2, and four for 45KI23. All of the assemblages have artifact types that are not 
represented, and they all have uneven distributions. Out of 11 material types, the 
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LSRDSC has nine of the classes filled. The sample 45IS2 only has one class filled, and 
45KI23 has four classes filled. There are no similar relative proportions for the samples. 
The largest difference in relative proportion is the slate material between LSRDSC at 
35% and 100% for 45IS2 for a difference of 65%. For 45KI23, the largest difference is 
the bone material at 25% and 15% for LSRDSC for a difference of 10%.   
Table A20: Observed relative frequencies for Fragment/Unknow Objects by material for 
LSRDSC, 45IS2, and 45KI23 
Material 
LSRDSC 45IS2 
 
45KI23 
 
count % count % count % 
Basalt 4 10 0 0 0 0 
Cryptocrystalline 5 12.5 0 0 0 0 
Slate 14 35 12 100 0 0 
Steatite 6 15 0 0 0 0 
Serpentine 1 2.5 0 0 0 0 
Nephrite 1 2.5 0 0 1 25 
Jadeite 1 2.5 0 0 0 0 
Bone 6 15 0 0 1 25 
Antler 0 0 0 0 1 25 
Shell 0 0 0 0 1 25 
Other/Unknown 2 5 0 0 0 0 
Total 40 100 12 100 4 100 
 
 The last table shows the relative frequencies for the material types (Table A21). 
The artifacts classified for the material type class are 382 for LSRDSC, 427 for 45IS2, 
and 276 for 45KI23. Out of 15 material types, only one class, obsidian, is not represented 
for LSRDSC. For 45IS2, three classes are not represented, and eight classes are not 
represented for 45KI23. All three assemblages have uneven distributions for material 
type proportions. The largest difference in observed relative frequency between LSRDSC 
and 45IS2 is slate at 21% and cryptocrystalline at 23.4%. When comparing to 45KI23, 
the largest difference in observed relative frequency is bone at 32% and antler at 22.7%. 
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The material types with relatively similar proportions are basalt and nephrite within the 
three samples. For 45IS2 the proportions with similar relative frequencies are coarse and 
fine sandstone, mud concretion, and antler. These frequencies range within 5% between 
samples. The similar relative frequency for 45KI23 is nephrite at 4.3% and 13.1% for 
LSRDSC for a difference of 8.8%.  
Table A21: Observed relative frequencies for material for LSRDSC, 45IS2, and 45KI23.  
Material 
LSRDSC 45IS2 
 
45KI23 
 
count % count % count % 
Basalt 55 14.4 39 8.3 42 15.2 
Cryptocrystalline 22 5.8 138 29.2 37 13.4 
Slate 94 24.6 17 3.6 0 0 
Steatite 28 7.3 0 0 0 0 
Serpentine 23 6.0 0 0 0 0 
Nephrite 50 13.1 41 8.7 12 4.3 
Jadeite 21 5.5 0 0 0 0 
Obsidian 0 0 1 0.2 0 0 
Coarse Sandstone 7 1.8 2 0.4 0 0 
Fine Sandstone 34 8.9 33 7.0 0 0 
Mudstone Concretion 4 1.0 6 1.3 0 0 
Bone 33 8.6 130 27.5 112 40.6 
Antler 6 1.6 1 0.2 67 24.3 
Shell 2 0.5 1 0.2 5 1.8 
Other/Unknown 3 1 63 13.3 1 0.4 
Total 382 100 472 100 276 100 
 
 
